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NOTICE 

When Government drawings, specifications, or other data are used for 
any purpose other than in connection with a definitely related Government 
procurement operation,  the United States Government thereby incurs no 
responsibility nor any obligation whatsoever; and the fact that the 
government may have formulated, furnished, or in any way supplied the said 
drawings, specifications, or other data,  is not to be regarded by impli- 
cation or otherwise as in any manner licensing the holder or any other 
person or corporation, or conveying any rights to permission to manufacture, 
use, or sell any patented invention that may in any way be related thereto. 

This technical report has been reviewed and is approved for publi- 
cation. 

C. E. Beck 
Project Engineer 

L. G. Kelly. Acting Ch/ef 
Advanced^Structures Development Br^,    ^. 
Structural Mechanics Division 
Air Force Flight Dynamics Lab 

THE COMMANDER 
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Howard L. Farmer) Col, USAF 
Chief, Structural Mechanics Div 
Air Force Flight Dynamics Lab 
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by security considerations, contractual obligations, or notice on a 
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20. ABSTRACT CContinued) 

* The handbook points up several examples of high maintenance cost items on 
existing in-service aircraft and suggests changes to substantially reduce the 
life-cycle cost. In addition, many other costly maintenance items discovered 
during visits to military and industry maintenance and repair facilities are 
cited which could have been avoided or substantially reduced by more cost- 
effective considerations for serviceability during design. 

In this respect, the handbook includes, not only information on past 
problem areas in the fom of Wessons learned/ but reconmended considerations 
during initial design of every aspect of structural development. Since 
corrosion damage repair was found to be one of the most costly maintenance 
items, a part of the handbook provides design information usable in its 
prevention. Also, since the handbook is directed primarily toward the 
development of military aircraft, a section is devoted to battle damage and 
design considerations to increase survivability and pemit repairs to minimize 
downtime on the aircraft.Report No. AFlfL-TR-76-63" Low Cost Aircraft 
Structural Repair and Maintenance Study," documents the research and analysis 
conducted in the development of this Design Handbook. 
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FOREWORD 

The Structures Division of the Air Force Flight Dynamics Laboratory 
(AFFDL) has sponsored a Low Cost Aircraft Structure Repair and Maintenance 
program under Air Force contract F33615-74-C-3101, Project No. 1368, Task 
No. 136802. 

The work was performed by the Los Angeles Aircraft Division (LAAD) 
of Rockwell International and managed by Mr. Walter Dotseth. It was 
monitored by Mr. Clark Beck, AFFDL/FBS. 

This publication is a product of the fifth and final phase of the 
program and includes data obtained from an industrywide literature search, 
from Air Force and Navy maintenance cost reporting systems, and from 
first-hand contacts and inspection surveys at five Air Force Air Logistic 
Centers (ALC), one Military Aircraft Storage and Disposition Center, 
three Naval Aircraft Rework Facilities, four commerical airlines maintenace 
facilities, and six major manufacturers of military aircraft. These 
inspection tours were made by Mr. W. E. Routh and Mr. R. W. Nickel of 
Rockwell accompanied by Mr. C. Beck of AFFDL/FBS in 1974 and 1975. 

The objectives of this program were twofold: 

1. To survey maintenance facilities and current repair reporting 
systems to establish high maintenance cost drivers and show, 
through actual design of repair modifications, specific examples 
of significant cost reduction potential. 

2. To develop a design guide for structural designers to provide 
the necessary data for consideration during initial design which 
will result in lower cost maintenance and repair. 

The information obtained in the literature search and maintenance 
facility visits plus a significant quantity of data generated by Rockwell 
engineers on this program, and for other programs in years past, has been 
culminated in the Aircraft Structural Design Handbook for Lower Cost 
Maintenance and Repair. The results have been detailed in sections 4 
through 7 of the volume. Section 4, "Lessons Learned," provides numerous 
examples of high-cost maintenace items currently existing on service 
aircraft. Section 5, "Repair and Modification Design Concepts," provides 
suggested designs for modification of some of the higher cost examples in 
section 4 plus other suggested typical repair designs. Sections 6 and 7 
provide general and detail design considerations to follow in initial design 
to prevent high maintenance costs. 
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1.0 INTRODUCTION 

In recent years, the operational cost of ownership of military aircraft 
has reached almost twice their initial acquisition costs. This is due 
largely to higher maintenance and repair costs of the system. By analysis of 
data from the Air Force IROS and AFM66-1 cost reporting systems over a recent 
peacetime period for 20 aircraft of all types, it was determined that 
structural maintenance costs constituted 25 to 30 percent of the costs 
for a total aircraft system. This verified the necessity for a program 
to identify problems and provide a design guide to reduce such trends on 
future aircraft and to provide guidance on means to reduce structural mainte- 
nance costs on existing aircraft. 

> 

This handbook has been prepared to provide information to the designer 
which can be used advantageously to improve new aircraft structure designs 
as well as future modification designs for in-service aircraft. The sources 
of data presented are from literature search of existing publications and 
from first-hand inspection of repair and maintenance facilities. During the 
course of inspection, contacts were made with responsible personnel to obtain 
primary cost drivers for aircraft structure maintenance and repair. These 
were coordinated with a review and analysis of computer data from the Air 
Force IRDS and AFM66-1 maintenance cost reporting systems. A representative 
number of the high cost repair items were selected as a sampling for detail 
design of modifications to verify potential to significantly reduce existing 
costs. 

Results of the inspection survey and the modification design effort are 
included in section 4, "Lessons Learned," and section 5, "Repair and Modifi- 
cation Design Concepts." Sections 6 and 7 are devoted entirely to general 
and detail design considerations to follow during initial design of new air- 
craft structure or in design of modifications for in-service aircraft in order 
to assure low-cost maintenance and repair. 

The essential objective of this publication is to provide information 
and guidance to aircraft structural designers on techniques to minimize 
cost by proper selection of design features and repair considerations. 

The information in this handbook is limited to existing types of metal 
structures. This is due to the existence of other programs sponsored by the 
Air Force Flight Dynamics Laboratory for the research and development of 
repair and maintenance infomation on adhesively bonded and composite type 
aircraft structures. Guidance will be provided on cost-effective design 
practices in separate design handbooks. 
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2.0 USE OF HANDBOOK 

2.1 INTRODUCTION 

This design handbook has been developed for use by aircraft structural 
designers to provide information and guidance on the methods to minimize 
or reduce the costs of structure maintenance and/or repair. It is organized 
into specific sections to provide the reader with background information 
lessons learned, general design considerations, detail design considerations 
repair or modification design considerations, and reference to additional 
information. 

2.2 RECOMMENDED USE 

It is recommended that the user first read the background information 
contained in section 3.0 to become acquainted with the importance and magni- 
tude of the maintenance and repair efforts, and their costs, associated with 
military aircraft structures. This is to provide the reader with an appre- 
ciation of the importance that the general and detail design elements of an 
aircrafts structure can have on the cost of ownership to the user, and the 
emphasis that is being placed on life-cycle costs of aircraft systems. 

Section 4.0 contains a listing of "lessons learned" by the military and 
commercial airlines on some of the most frequent and chronic types of dis- 
crepencies being experienced on metallic structures. They are intended to 
provide the reader with a knowledge of the types of structural design 
feature that should be avoided in new systems. 

In section 5.0, General Design Considerations, information and guidance 
is provided on the basic structure design features that should be considered 
during design concept formulaeion of a new aircraft. Many maintenance and 
repair problems may be avoided or reduced in the operational life of an 
aircraft system by early consideration of these factors during its develop- 
ment . 

In section 6.0, Detail Design Considerations, information and guidance 
is provided on candidate methods and features that may be incorporated into 
the detail design of aircraft structures to reduce maintenance and repair 
costs. Also contained in this section, is information and guidance on 
methods to evaluate the impact of improved maintenance or repair design 
features on the life-cycle cost (LCC) of an aircraft system. 
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In section 7.0, Repair Modification Considerations, information is 
provided on the factors that should be considered in developing improved 
low-cost repair or modification concepts on existing aircraft structures. 
It also contains examples of some typical repair and design modification 
concepts for normal operation and battle-damaged aircraft structures. These 
examples are intended to give the reader an awareness of the different types 
of approaches that may be considered and to stimulate his imagination in 
development of repair and/or modifications for a specific problem. 

In section 8.0, References, a listing of the data sources used for the 
development of this design handbook are listed. They provide the reader 
with identification on the location of additional data. 

i 
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3.0   BACKGROUND 

The contents of this document are based on infomation obtained through 
an extensive literature search, the knowledge and design capability of many 
tSe,r,c!nC!d s

T
tructural ^signers and repair personnel, first-hand visits to 

the USAF Air Logistic Command repair depots, several Naval Aircraft Repair 
Facilities, and commercial airline maintenance centers.    During these visits, 
structural problem area infomation and repair data were obtained on the 
primary types of service aircraft.    Tliese included fighter, trainer, attack, 
bomber   tanker, cargo, and troop transport aircraft.   The commercial airline 
type of aircraft included most of the modem jet transports. 

TTie data obtained and used to develop this manual are considered to 
represent a complete cross-section of the structural maintenance and repair 
action on present military service aircraft.    The growing high cost of Struc- 
ture repair action can be reduced substantially by the judicious considera- 
tion, during initial design phase, of the serviceability aspect of the 

!?'!! S ?f ma;i0r fact0rs i™'01^ are selection of structural material, 
methods of fabrication, structural assembly breakdown, joint design, mainte- 
nance access, environmental protection, and consideration of maintenance 
practices.    Logistics of parts availability also may play an important part 
in maintenance costs. r   / F ^ 
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4.0   LESSONS LEARNED 

4.1    INTRODUCTION 

During visits to the various maintenance and repair facilities, it became 
evident that, in many cases, the same design deficiencies were appearing on 
current aircraft structures that have occurred on previous generations of 
aircraft.    In this chapter, a number of these repetitive problems are identi- 
fied, so that the designers of future structures may take advantage of the 
lessons learned.  Solutions for some of these problems are shown in section 7.0 

-v 

4.2    DESIGN DEFICIENCIES 

Problems encountered at the repair facilities were primarily design 
deficiencies.    They are grouped in five main categories: 

1. Lubrication deficiencies (paragraph 4.2.1) 

2. Corrosion protection deficiencies (paragraph 4.2.2) 

3. Material selection deficiencies (paragraph 4.2.3) 

4. Detail design deficiencies (paragraph 4.2.4) 

5. Fatigue design deficiencies (paragraph 4.2.5) 

4.2.1    LUBRICATION DEFICIENCIES 

1.   Main landing gear trunnion and pin 

Problem;    Galling and corrosion were found frequently on MLG lower 
trunnion bearing and pin surfaces.    (See figure 1.) 

Cause;   Drainage of dirty water thrown up by the MLG wheels, from 
thTforward face of the aft bulkhead and support fitting, entered 
the trunnion bearing surfaces through openings on the upper surface 
of the trunnion fitting and settled in the small gap between the 
pin and trunnion on the lower side.   The water carried grit which, 
during taxiing and takeoff/landing operations on rough runways, 
eroded the chrome surface of the pin and the unprotected surface 
of the trunnion. (Refer to section 7, paragraph 7.3.1 for 
solution.) 
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SECTION A-A 
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Figure 1.   Main Landing Gear Trunnion and Pin 
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2. Moisture retaining bushings - MLG strut 

Ä^Sn^ ^ ^ "^ Tefl0n buShings in ^ min 

£ai^: The bonding material for the attachment of the Teflon 

^slonSTcuT1 " POroUS ^ retainS m0iStUre that ^its 

3. Lubrication provisions - horizontal stabilizer bearings 

Proben: Horizontal stabilizer bearings were found to be corroded. 

£|use2 Only two grease fittings were provided to lubricate a lar^re 
dxameter bearxng. making it very difficult to force ou oW    * 
moisture-contammated grease all around the bearing. 

4.2.2 CORROSION PROTECTION DEFICIENCIES 

1. Inner to outer wing joint ribs 

Problem: Severe surface corrosion has been encountered in the 
upper wing joint bath tub pockets for the attach bolts. The bolts 
and nuts have also become corroded. This condition is prevalent 
primarily on the upper bolting rib caps. (See figure 2.) 

^ays^: Leakage of water and anti-icing fluids around the cover 
fairing allows moisture to collect in the pockets of the bolting 
fittings. N. provision exists for sealing, drainage, or drying 
of the area. (Refer to section 7. paragraph 7.3.2 for solution.) 

2. Galley, lavatories, and urinal areas 

Prsklem: Moisture migrates into the aircraft structure under the 
galley, lavatories, and urinal areas of various aircraft, causinc 
corrosion of the seat and cargo tiedown tracks, floor beam caps 
and supporting structure. Usually, these areas could not be  ' 
inspected without removing pemanent floor panels or external skins, 
(bee figure 3 for a typical urinal installation in a bomber 
aircraft.) 

Cause: Leakage or spillage of water or corrosive fluids is not 
prevented from seeping into areas where corrosion of structural 
members will occur. (Refer to section 7, paragraph i.3.3 for 
design solution.) 
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3.    Rain removal nozzle 

Problem:   Severe corrosion of a rain removal nozzle required 
frequent replacement.    (See figure 4.) 

Cause;   There are two causes to this problem.    The first is that 
the nozzle is constructed of magnesium material which is very 
susceptible to corrosion.    The second is that the nozzle is mounted 
in the aircraft just forward of the windshield and flush with the 
outside mold line of the fuselage.   This left the air outlet end of 
the nozzle exposed to rain, salt spray, fog, etc.   Moisture entered 
the air outlet opening and ran down inside the nozzle where it 
collected and allowed corrosion to occur. 

4. Cockpit canopy longeron 

Problem:   Chronic corrosion of cockpit longeron under a phenolic 
filler plate has been experienced.    (See figure 5.) 

Cause;   The phenolic filler plate is bonded to an aluminum longeron. 
Moisture enters the fibers at the edge of the phenolic filler and 
propagates into the bond area where it is trapped in small voids 
and corrodes the metal. 

5. Vertical stabilizer attach bulkhead 

Problem;   Cracking of a steel forged bulkhead for the vertical 
stabilizer front spar attachment was found to frequently occur. 

Cause;   Water becomes trapped in a pocket where the stabilizer front 
spar is attached.    The trapped water freezes during flight and 
contributes to crack develc ••inent. 

6. Rudder upper hinge support 

Problem;   Frequent corrosion of rudder hinge upper support. 
(See figure 6.) 

Cause;   Entrapment of moisture, due to omission of drainage 
provisions, and 7075-T6 aluminun material combine to cause 
corrosion. 

7. Main landing gear strut door 

Problem;   A fighter aircraft main landing gear strut door was found 
to experience frequent corrosion and cracking of the structural 
elements. 
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8.    Fail-safe strap - fusei^e lower a)atnlint 

causes corrosloTto devel^   "^ ^ be<:0me *"**. ^ 

S.   Stabilator lower skin at joint rib 

ÄiÄ^osr^cto inadeq,ate TOisture drain^ 
10.   Rudder root rib 

ÄrrS;* " baSe 0f " "^^ ««^ "» fluently 

root rib. r and ^^e corrosion of the 

4.2.3   MATERIAL SELECTION DEFICIENCIES 

1.    Wingtip fold rib 

ÄcÄ ?fÄf0ld W aft 10^ lug are being 

^•'anÄu^ """ COrr0sIon ««tog due to high stress 

2.   Wing spar inboard section 

A   Äu« U1?? e],,erienCed - -' -l-rd wing spar 
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^yge.:    Stress corrosion cracking due to characteristics of 
/u/B-To material. 

3.   Wing attach fitting 

Problem:   5racks are ^^ntly found around bushing area in a 
wing attach fitting. 8 n a 

iSSllati^!5 C0rr0Si0n Cracking caused by Press ^t bushing 

4.2.4   DETAIL DESIGN DEFICIENCIES 

It   Engine tailpipe clamp 

£^iSffi:   The component is a Mannan-type V-section clamp which 

^tlJt enPne tail?1?e t0 ^ aft flan«e of ** «^gine case. 
IIJ^   MT hu1St0ry 0f breakage'   ^^ this occ"", the tailpipe is 
rttfjr     y tht jet eXhaUSt and 1™ the 0Penin8 i" the fairing aft end causing hot jet exhaust impingement on the primary stricfure 

SZth   H e ^^T6 USUally 0CCUrS by auction of mateJaT 
Äh^^^ 

? ^ i1^' Wil1 e^rience ^ 'A: If cÄualiv00'"" 
tightened after this occurs, the clip will^ontinS to yield 

Ö^ ol t r ^ breakS>    ^^ t0^ti0n 7' P-"   PV" '4 
2. Engine cowl door hinge fitting 

Problem;   The poweiplant cowl door hinge fittincs at each end *r* 
e^erxencing structural failure   IMs^ailu^ o'Lurs "s^l 

ht^ff r'6 ^ f0!!" t0 ^ C0Wl ^^ ^ crack on^oil hinge fitting extends diagonally across the inner fillet radius f^r 
approximately 3/16" and is readily visible to the n^     CS- 
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Figure 12. Tail Pipe Clamp Installation 
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CRACK AREA 

Figure 13. Engine Cowl Door Hinge 
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Cause:   One of the more apparent causes of tjhe cracked fitting is 
overextending the cowl door during servicing.    This overextension 
allows the adjacent cowl structure to bottom out against the hinge 
fitting, thereby inducing bending stresses/capable of failing the 
area in question.    Another factor capable of causing the cracked 
hinge fitting failure is excessive loads iinduced by wind gust when 
the door is in its open position.    A tension load in the hinge fittii 
may also result from the open position st^ut geometry, 
section 7, paragraph 7.3.5 for solution.)/ 

3.    Wing slat actuator doors 

Problem:    High maintenance man-hours are being expended at opera- 
tional bases on the doors in replacing failed parts in the 
mechanism and trying to keep the doors adjusted for proper align- 
ment with the opening in the wing structure.    Failures are 
occurring in the spherical head adjustment fittings due to a 
tension failure at the base of the head or by pulling the threaded 
insert out of the slat track fitting into which they attach. 
(See figure 14.) 

Cause:   The cause of these failures has been analyzed as excessive 
load induced during slat retraction when the door is misaligned 
and catches on the wing structure before the slat has completed 
its retraction.    Misalignment can occur from the following: 

a. Initial maladjustment 

b. Airload deflection 

c. Excessive play in the mechanism 

d. Slippage of the ball joint fittings relative to the door, as 
a result of loose bolts which nomally clamp them to the 
door through a slotted hole and a friction pad. 
(Refer to section 7, paragraph 7.3.6 for solution.) 

4. Nose gear single drag link 

Problem:   Failure of a nose landing gear single drag link. 

Cause;    Insufficient strength margin for hard landings and off- 
runway operations.    With no backup link, the nose gear collapses 
causing extensive structural damage. 

5. Wing skins - stress concentration 

Problem:   Cracks have been found in the upper and lower wing 
skins at the inboard end.    (See figure 15.) 
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FAILURE POINT 

Figure 14.   Typical Wing Slat Actuator Door Installation 

4-20 

■  - --■        

i 

-'-  ■■  -    ■  —   .. -.      -..    . ^. 





■•W5p™wwjmi><™n?™i>WPBf«!»P|!>^^ 

Caugg.: High stress concentration points caused by small 
inside comer radii. 

6. Main landing gear uplock support 

Problem; Main landing gear door actuating linkage and uplock bumper 
are difficult to keep in rigged adjustment and requires frequent 
inspection and maintenance action. 

Cause: Linkage mounting bracket material is too thin, allowing 
bending and subsequent misalignment to occur. 

7. Nose landing gear 

Problem: Nose landing gear on V/STOL aircraft experiences frequent 
failures to attach point to fuselage. 

Cause: Absence of a nose landing gear drag brace strut permits 
excessive loading of attach point. 

8. Bonded skins - vertical and horizontal stabilizers 

Problem: Fiberglass skin on vertical stabilizer, and aluminum skin 
on horizontal stabilizer frequently separates from arrowhead shaped 
aluminum leading edge. 

Cause: Moisture enters joint between arrowhead shaped leading edge 
and skin, allowing debonding to occur. 

9. One-piece sculptured metal skin 

Problem: One piece aluminum-fuselage sculptured skin found cracking 
at flanges. 

Cause: The root rib at the side of the fuselage has a compound 
curve (swarf) contour plus a dihedral break machined into its wide 
flanges. The spars lie on a chord percentage line and thus have 
constant bevels on their flanges. Mismatches in the root rib to the 
spar and skin when pulled together by fasteners result in consider- 
able residual stresses being ii.duced into the flanges which cause 
cracks to develop. 

10. Windshield edge attach holes 

Problem: Windshield frequently found crazed and cracked at edges of 
attach holes. 

4-22 

...   .*■ 

■  ■ ■ 

f. ;;v. P 
- ., K-Mz 

--'"■■'" -'-—"■>■  • '         ■'.. ..Jaltl • ritfl^iim^iririrflii 



'   " l "■' t.L.i.-^MiBi^»,.«.,,,».^.,™«,^».,...   I  , ■.,J,III>JJ,WJ,I.IUIJ»U|IUJ . ..JJl-M,! J'JlPll'O ,,»1|I1.IIJ»U 

Cause: Bird-resistant windshield made from polycarbonate, with no 
acrylic cladding or other protective coatings results in cracks 
from the edge attach holes, or crazing due to contaminant;-. 

11. Fuselage access panel 

Problem: Bxcessive man-hours required for removal and reinstallation 
on fuselage access panel. Panel is installed with 134 fasteners, of 
which there are 10 different types of fasteners and 31 different 
sizes. 

Cause: Lack of adequate design considerations for maintenance and 
logistics. 

4.2.5 FATIGUP DESIGN DEFICIENCIES 

1. Nacelle aft cowl doors 

Problem: An engine nacelle aft cowl door is experiencing structural 
failure of its longitudinal vane assembly and associated inner and 

outer cap angles. The failure is in the form of fatigue cracks in 
the vane assembly and in the corners of the cap angles. Damage in 
the form of delamination of the honeycomb core has also been found 
in the area of the outer vane assembly attach members. 

Repair of the damage is tedious and, if extensive enough, 
requires special tooling to maintain door configuration during 
repair. Accessibility is the prime problem encountered in repairing 
the area. Replacement or repair of the vane assembly and caps from 
either end of the cowl door is limited by how far a man can reach 
into the openings. Repair beyond the end areas requires extensive 
door disassembly at a major repair depot. 

The outer honeycomb panel is not removable and repairs must be 
effected from the inner surface. This is hampered by a lack of 
easily removable sections of structure to expose the damage. (See 
figure 16.) 

Cause: Repeated cycling of the inne- and outer door panels, due to 
airloads and engine sonic vibration, ^auses working of the vane 
assemblies and their inboard and outboard attach members resulting 
in fatigue cracks. 

The constant tension load in the vanes also causes delamination of 
the honeycomb panel at the vane outer attach member, which is bonded 
integrally into the honeycomb panel. (Refer to section 7, para- 
graph 7.3.7 for solution.) 
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AFT COWL   (RH) 

Figure 16.    Engine Nacelle Aft Cowl Door 
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2. Fuselage fuel tank cavity liners 

Problem; Fatigue cracks have developed in the aluminum floor and 
sidewall skins in four of the fuselage fuel tanks. The cracks 
tend to develop laterally along skin to frame riveted joints and 
propagate into the areas between the frames. (See figure 17.) 

Cause; Fuel loads, due to surge, hydrostatic pressures, maneuvers, 
etc, in conjunction with shear and vibration loads from the engines, 
cause repeated cycling of the skins between frames until cracks 

start to form in aluminum material. (Refer to section 7, para- 
graph 7.3.8 for solution.) 

3. Stabilator midspan joint rib 

Problem; Fatigue failure of aluminum stabilator mid-span joint 
rib. (See figure 18.) 

Cause; Rib receives fairly high temperatures from engine exhaust, 
and also a high frequency of stress cycles from aerodynamic and 
sonic vibration loads. The aluminum rib is attached to the inboard 
section of the stabilator constructed from titanium honeycomb, and 
to the outboard section made from aluminum honeycomb. The joint 
rib is subject to stresses from differences in materials, thermal 
expansion as well as bending loads, and also is subjected to 
moisture and corrosive gases. 

4. Wingtip internal rib 

Problem; Failures are experienced on a wingtip internal sheet metal 

rib. (See figure 19.) 

Cause; Fatigue failure caused by omission of a stringer tie allows 
the skin to diaphragm under aerodynamic load and induce bending 
fatigue of rib flange. 

5. Engine air inlet cowl web 

Problem; Numerous cracks of an engine air inlet cowl web are being 
experienced. (See figure 20.) 

Cause; Fatigue failure caused by sonic and engine vibration loads 
on sharp edge of chem milled beaded area. 
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6. Main landing gear wheel axle 

£loblem: Main landing gear wheel axles are found cracked. 
(See figure 21.) 

£ause: Type 4130 steel axle cracks on upper surface near inboard 
bearing from stress corrosion due to residual tensile stresses^ 

; 
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5.0    GENERAL DESIGN CONSIDERATIONS 

5.1    INTRODUCTION 

This section contains general infomation on the candidate design 
techniques for low-cost structural maintenance features that may be 
incorporateu into new aircraft systems.    They represent only those techniques 
identified during the research conducted for the development of this design 
handbook and are presented as examples of some of the means to minimize 
maintenance costs.    They are intended to provide designers with an apprecia- 
tion of the means to reduce the cost of ownership to the Air Force.    It is 
the responsibility of the structural designer to evaluate the potential 
problems for each specific aircraft system and to apply sound design judg- 
ment in the selection of the most effective combination of design features. 
The basic areas of consideration are contained in the following paragraphs. 

5.2    MATERIAL SELECTION 

Use commonly available materials where possible such as type 321 or 
17-4PH CRES and 2024 aluminum alloys that have good fracture toughness charac- 
teristics and fatigue resistance. 

5.3   STRUCTURAL ASSEMBLY ARRANGEMENTS 

• Production breaks 

• Field breaks 

Use mechanical joints, and limit sections 
to shippable sizes. 

Use removable-type fasteners, and locate 
joint for convenience of removal and 
replacement in service. 

5.4    AIRCRAFT SUBSYSTEM INTERFACES 

1. Provide Teflon-coated rub strips where movable control surfaces seal 
against the body. 

2. Vibration damping material, which resists moisture, should be used 
on thin control surface skins to prevent fatigue.    Skin on one side 
of flight control surfaces should be removable for inspection and 
repair of internal parts. 
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3. Ihe landing gear wheel well areas and doors are extremely 
vulnerable to splashed mud and water.   All exposed areas should be 
veil protected to prevent corrosion, and all closed compartment 
doors should be sealed to prevent moisture entry. 

4. Special care should be taken in landing gear wheel and strut wells 
to protect all areas from moisture and corrosive materials used on 
runways for snow and ice removal. 

5. Give special consideration to sheet metal around gun bays and engine 
cowls where high vibration promotes fatigue cracking. 8 

6. Armament gun bays should be so located that gun clip and case exits 
will not pennit entry of ejected material into the engine inlets 
thus becoming foreign object damage (FOD). ' 

7. Assure adequate purging of corrosive gun gases in the gun bays and 
ammunition storage areas. y 

5-5    REMJVABLE AND HINGED DOORS. RADOMES, AND ENGINE COWLS 

1. Design fastener holes sufficiently oversize to prevent loading the 
door under IG static condition and to pemit their easy ground 
removal and re-installation. 

2. Provide hold-open devices on hinged doors which restrain the panel 
from racking and failing hinges. P 

3. Fastener hole patterns should be tooled for interchangeability 
Provide, as a minimum, a weather seal of cured-in-place sealant 
with adequate land all around access door jams on external surfaces 
Provide adequate access doors in structure for inspection and Jepa ;, 
and for possible future equipment installation modifications. 

4. Provide adequate adjustment for alignment of latches on hinged cowl 
T'lnels and doors. B 

NIGER. 5-6 CREW. PASSENGER. AND CARGO PROVISIONS 

1. Provide noWorrosive pans around relief tubes, urinals, lavatories 
and galley Yo prevent spilled liquids from contacting structure. 
Provide holdfers for coffee cups in crew area, and locate where 
spillage will\not contact electrical equipment. 

2. Soundproofing and insulating materials below floors should be 
separated from structural walls with standoffs to permit circu- 
lation of air and prevent moisture retention. 
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3.    Provide hot air ventilation to areas below the cabin floor to keep 
the structure dry and free from moisture retention. 

5.7   SEALING AND ORGANIC BONDING 

1. Seal all exterior skin joints with sealing compound to prevent 
moisture entry and subsequent corrosion. 

2. Sealing compound should be one which remains flexible and does not 
crack or shrink. 

3. Use sealants in fuel bays which do not regress to a liquid state from 
prolonged exposure to fuel or environmental variations. 

4. All exposed honeycomb core edges should be sealed. 

5. Structural joining by organic bonding should not be used in low sump 
areas where moisture can collect.   Cracks in the bonding can trap 
moisture and permit corrosion to occur. 

6. Assure that organic bending material used can withstand expansion 
and contraction of structural material joined, without cracking 
or disbanding. 

5.8   CORROSION PREVENTION 

1. Paint joining areas of all detail parts prior to assembly; then 
paint all areas after assembly with polyurethane paint. 

2. Assure good ventilation of compartments in lower extremeties of 
structure to prevent continuous moist environment. 

3. Assure good drainage paths of all conpartments not sealed for 
pressure or fluids. 

4. Prevent insulating material from contacting metal skins where 
condensation can be soaked up. 

5. Where dissimilar metals are joined, an insulating layer of non- 
wicking material should separate them to prevent fretting and 
corrosion conditions. 

6. Do not use phenolic impregnated fabric materials as exterior surfaces 
where moisture can be wicked to metal surfaces and cause corrosion. 
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5.9    FASTENERS 

• Use standard types 

• Limit variations of sizes 

• Quick acting fasteners 

• Taper-Lok 

5-10 SPECIAL DESIGN CONSIDERATIONS 

• Compartmentation 

Avoid special types were possible. 

Use one size «md length on removable 
panels. 

Use stud retention type with self- 
aligning nut receptacles. 

Use only where other fasteners cannot 
meet fatigue requirements. 

Provide access to all compartments for 
periodic inspection and repair. 

Limit bonded sandwich panel size to 4 
x 10 ft for repairability in existing 
autoclaves. 

Provide for removal of system ducts 
and shafts for repair or replacement 
without major disassembly of structure. 

Make from sheet metal, where possible, 
for repairability. 

Design for interchangeability and 
'    easy replacement, especially 
x   windshields. 

wit J^8"/11/1"1"88 ^ high stressed Parts for removal and replacement 

r^lenTpL";6^ ^ ^ Stl~ el— ^ ^^e ^al 

• Panel size 

• Duct and shaft removal 

• Cast or forged parts 

Transparencies 

'■■■ ■■ ■■■ -  ""-:'-" 
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6.0 DETAIL DESIGN CONSIDERATIONS 

6.1 CONSTRUCTION CONCEPTS 

6.1.1 SKIN-STRINGER CONSTRUCTION 

• Rib or frame flanges - Attach to stringer with a clip, and allow 
sufficient room in the flange width and rivit spacing from bend 
for installation of a repair angle. 

• Stringer clips - Use at least one gage heavier than rib or frame, 
Provide access for replacement. 

• Cutouts for stringers - Provide 60° by 3/8 flange around cutout 
unsupported areas. 

6.1.2 CCULPTURED PLATE 

• , xxow generous fillet radii at base of upstanding stringers to prevent 
cracking. 

• Allow sufficient stringer height and skin pad width for repair of 
cracks. 

• Avoid sharp steps in thickness of skin. 

• Allow generous radii in plate edge trim, where change in trim resulting 
in reintrant angle greater than 30° is required. 

6.1.3 SANDWICH PANELS 

• Keep panel size within capability of depot repair facilities (not over 
4 by 10 feet). Seal complete panel to prevent moisture from entering 
and freezing, which disbonds face sheets. 

• Close out and seal all exposed edges to prevent corrosion. 

• Avoid sharp steps where face sheet thickness changes occur. 

6.1.4 FORCINGS 

• Avoid sharp machined fillet radii. 

" Avoid stress corrosion prone materials, 
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' Design forgings to be replaceable without disassembly of other 
major structure. 

• Avoid thin attachment flanges. 

• Avoid pocket recesses which form moisture traps in installed position, 
or provide moistureproof seals to protect recesses. 

6.1.5 CASTINGS 

• Do not use for primary structure. 

• Avoid thin webs and flanges. 

• Avoid sharp fillet radii. 

• Do not use where inspection access is unavailable. 

• Assure drainage of all pockets and wells in installed position 
where complete sealing is not practical. 

6.1.6 TRANSPARENCIES 

• Refer to MIL-HDBK-17 for specific fabrication and installation 
requirements. 

• Design transparent panels as floating units where loading permits. 
That is, edges should be flexibly mounted in a metal framework, which 
in turn can be bolted to the structure. 

• Monolithic glass panels should have a shatter-resistant laminate on the 
side facing the crew. 

• Stretched acrylic or polycarbonate plastic laminated panels should have 
an abrasion-resistant coating on the inner face, and either an 
abrasion-resistant coating or a thin glass facing on the outer face. 

• Mount all transparencies so that they can be easily replaced. 

• Clearly and pemanently identify all transparent assemblies as to part 
number and manufacturer. 

• Avoid passing mounting fasteners through transparencies, where 
possible. 
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• Seal all around outside edges of transparencies with a flexible sealant 
to prevent moisture entrapment in joints, which may cause corrosion. 

• Locate all heating element wiring and connections where they cannot 

be accidentally broken or damaged. 

• On heated panels, spare sensors should be incorporated into the lami- 

nate for use in case of primary sensor failure. 

6.1.7 HINGED ATTACHMENTS 

• Make all hinges and hinge fittings replaceable. 

• Provide bushings which can be replaced after wear. 

• Provide for removal of pins on piano-type hinges. 

• Provide for lubrication where high operating loads exist. 

• Assure adequate strength capability in hinges to withstand high wind 

loads or overtravel when opening doors. 

• Do not make hinge fittings integral with large structural members 
fuch as V caps or stringers where hinge damage would require 

structural replacement. 

6.1.8 FASTENERS 

fonsiderable controversy exists within the military and industry as to 
the ch^c  f f teners for st^ctural use. Also, applications va^ so^hat 
™ different aircraft; however, some categorization can be made. T^e data 
^en here are the result of queries made to maintenance personnel at all 

facilities visited.   

Application 

Medium-strength permanent 
joints 

High-strength permanent 
joints 

Reconmendation 

2024-T4 Al alloy rivets  (<200o F) 

2219-T81 Al alloy rivets  (<3250 F) 

A286 CRES rivets 

6-4 Ti bimetal rivets 
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Application Recommendation 

Blind rivets 

Infrequent removal panels 

Frequent removal panels 

CHERRYLOCK rivets 

NAS1398 and 1399 (high temp) 

NAS1580 Hi-Toique bolts 

TRIDAIR panel fastener with hex 
recess 

The fasteners which appear to require unduly high maintenance are: 

• Taper-Loks - Difficult to remove for inspection and replace, 
especially aluminum type 

• Jo-Bolts      - Pin loosens, and fastener corrodes easily. 

• Cam-Loc       - Corrodes in receptacle 

• Milson - Heads fail due to prestress.    Retaining washers come 
off, and stud is lost.    Holes are elongated by tapered 
ramp. 

(NOTE:    This is not a deficiency of the fastener but 
the result of poor panel hole alignment.) 

6.1.9   STRUCTURAL FASTENER SELECTION 

Table I contains preferred parts selected for use in structural applica- 
tions.   The table provides an integrated summary of the characteristics of 
most structural fasteners in coninon usage. 

The weight and cost infomation presented in the table may be used as a 
guide in selecting optimum parts.   The terms low, median, and high are 
intended for conparison to similar parts (i.e., rivets conpared to rivets, 
etc).   Where no direct comparison is possible, the terns refer to the relative 
difference between the comparative fastener and solid rivets. 
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6.1.10    BALLISTIC DAMAGE 

Aircraft structure can be damaged and weakened by the primary or 
secondary damage caused by hostile weapon effects.    The primary damage 
mechanism is penetration of the structure by a projectile or warhead frag- 
ment.    The response of the structure is dependent upon the size, impact veloc- 
ity, and attitude of the projectile, together with the structural material 
properties, construction, and operational stresses.    For a straight-in pene- 
tration (nomal to the surface) of ductile metal, such as aluminum alloy, the 
entry hole would be approximately the same size as the projectile.    Figure 22 
shows the penetration of a typical aluminun alloy skin by a .50 caliber pro- 
jectile while under simulated operating loads.   The damage is restricted to a 
clean hole with back surface "petaling" and no crack propagation.   The exit 
damage in this type of construction is dependent upon the attitude (yaw 
angle) of the projectile and the type of intervening structure and/or compo- 
nents that are also penetrated.    Figure 23 shows typical exit damage from a 
"tumbled" projectile. 

The angle of projectile penetration (obliquity) can also influence the 
degree of damage sustained.    Figure 24 shows an extreme case where the pro- 
jectile path was nearly parallel with the structural skin, and a long path of 
damage was experienced. 

More brittle materials, such as 7075-T6 aluminum, that might be used for 
high stress applications are susceptible to extensive damage from crack 
propagation .    An example is shown in figure 25, where large triskelion cracks 
were experienced. 

Transparencies used for aircraft structures are also susceptible to 
damage fron small-aims fire.   The extent   of such damage is a function of the 
material properties, construction, and operating stresses.    Cast and stretched 
acrylics tend to crack or shatter from impact, and large sections are some- 
times torn out.    Polycarbonates are more resistant to such damage propagation. 
Ballistic-resistant transparencies, such as bullet-resistant glass, are gen- 
erally fabricated in layers with flexible adhesives between them.    Such 
configurations tend to experience "spidering" cracks from ballistic impact 
and/or penetration.    An example of this type of damage is shown in figure 26. 

..■a^^-d-fj^^i^ia^al^ 

Sandwich structure, such as honeycomb material contained between face 
sheets, responds to ballistic inpact generally as shown in figures 27 and 28. 
Defoimation of the face sheets is typical of thin-skin materials.    Delamina- 
tion of the honeycomb core from the face sheets is also experienced. 
Figure 29 illustrates the level of damage encountered with low grazing angle 
hits in the honeycomb panel structure.    Extensive delamination is experienced 
beyond the exit hole in addition to core damage from secondary particles. 
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Table II 

RDOM-TEMPERATURE FRACTURE-TOUGHNESS PROPERTIES 

Material Condition 

Typical KIc 

(KSI x sjl) 

Minimum K 

(KSI x sjl) 

L T L T 

2024 aluminum alloy 

7075 aluminun alloy 

6A1-4V titanium 

9Ni-4Co-0.30C steel 

PH13-8MO corrosion- 
resistant steel 

-T3X and -T4X 
-T6X and -T8X 

-T6X 
-T76X 
-T73 

Cond A 
Diffusion bonded 

220 ksi mm ult 

H1000 
HllOO 

40 
25 

24 
27 
30 

60 
75 

110 

90 
110 

35 
19 

21 
25 
26 

60 
75 

110 

90 
110 

27 
17 

17 
20 
21 

40 
50 

73 

60 
73 

23 
13 

14 
18 
18 

40 
50 

73 

60 
73 

L ■ Longitudinal grain direction 

T ■ Transverse grain direction 

KIc ■ Critical plane-strain-stress intensity factor 

ü ■ Crack length in inches 

inches. For example, for 2024-T3X aluninum alloy material with a 1-inch 
crack, a longitudinal stress of over 40,000 psi will cause crack growth. 

6.1.10.3 Basic Design Concepts 

Three basic types of construction can be used for aircraft structures: 
thin skin/stringer, sandwich, and sculptured plate. The selection of 
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construction type for each major structural element (i.e., fuselage, wing, 
and empennage) must consider the type and level of damage by hostile small- 
arms weapon effects that can be tolerated. 

Thin skin/stringer construction provides more ballistic damage tolerance 
than other types of construction when ductile, high-fracture-toughness 
materials are used.    Multi-load path construction should be used to allow 
fail-safe response of the structure if damaged.    Stringers, frames, and lon- 
gerons with wide exposure area should be used in preference to those having 
their area concentrated in a narrow exposure which can cause a larger percen- 
tage of load-carrying capability to be lost when struck by a projectile. 
Attachments for the transfer of high concentrated loads should employ multiple 
fasteners and be designed for adequate strength following ballistic damage, to 
permit safe recovery of the aircraft under combat maneuvering conditions. 

Sandwich construction consists of face sheets attached to a separating 
core of lew density material.    One of the most widely used types is bonded 
honeycomb.    Fiber glass or plastic material laminates are examples of facing 
sheets that have been under recent development and use.    Composites, such as 
boron filaments bonded with epoxy resins, have been under research and devel- 
opment for new aircraft structure, since they offer high strength-to-weight 
ratios that are needed for higher performance requirements.    Graphite fibers 
are also under development as a new construction material.    Selection of the 
basic material for sandwich construction must consider the strength remaining 
in the load-carrying elements when subjected to single- and multiple- 
projectile impacts. 

Sculptured plate (integrally stiffened) structure is fabricated from one 
piece of material by mechanical, electrical, or chemical means.   Material is 
removed to leave relatively thin walls integral with heavier stiffening lands 
and attachment sections.   This type of construction is generally used for 
highly loaded panels, or "shell-like" applications.   This type of construction 
should be used with discretion due to the potential danger of extensive crack 
propagation and the limited combat area repairability characteristics.    Experi- 
ence with sculptured plate construction has shown that small-aims fire damage 
has required the replacement of major structural elements of this type where 
such damage levels in skin/stringer and sandwich-type construction were 
easily repaired. 

Careful selection of the basic material and its heat treatment   is essen- 
tial to obtain good fracture-toughness characteristics for the specific 
application that will prevent or minimize crack propagation. 
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6.1.10.4   Major Element Replacement 

Extensive damage can be sustained by aircraft structures from the 
indirect effects of enemy gunfire.    Forced or crash landings can be caused 
by damage to flight-essential subsystems.    Consideration should be given to 
design concepts that will permit easy removal and replacement of major struc- 
tural elements to facilitate rapid combat area repair and return of the air- 
craft to operational status.    Interchangeability of major structural sections 
should also be considered to permit rapid repair by cannibalization of dam- 
aged aircraft. 

6.1.10.5   Detail Design Considerations 

The majority of aircraft structural design considerations for surviva- 
bility enhancement against small-arms weapon effects are applicable to almost 
all portions of the airframe.    These considerations apply to three types of 
construction:    thin skin/stringer, sandwich, and sculptured plate.    Each has 
been used for fuselage, wing, and empennage construction. 

\ 

6.1.10.6   Thin Skin/Stringer Construction 

The following techniques for minimizing the consequences of small-arms 
projectile impacts on thin skin/stringer type structures should be considered: 

• Select materials with high fracture-toughness values to minimize or 
prevent crack propagatic-1 following ballistic damage. 

• Consider the use of bonded "doublers" on high-strength stressed skin 
panels, such as 7075-T6 aluninum alloy, that may be susceptible to 
catastrophic failure from a single hit by a small-ams projectile. 
A thin layer "strap" of fiber glass can be bonded in proximity to 
the skin to provide such protection.    A crack can be arrested by 
placing a number of fibers across a given zone of stress normal to 
the line of expected crack direction, thus reducing the stress inten- 
sity below the level required to propagate the crack.    Test programs 
have shown that a significant improvement in crack arrest can be 
achieved for very modest penalties.    Figure 30 illustrates placement 
of thin fiber glass tape on a typical high-stress panel to provide a 
crack-arrest feature. 
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CRACK-ARREST STRAPS 
(TYP) 

HIGH-STRESS 

STRUCTURAL SKIN 

PROJECTILE 

IMPACT DAMAGE 

& RESULTING 

CRACKS 

DIRECTION OF 

CRACK PROPAGATION 

Figure 30.    Crack-Arrest Straps. 

6.1.10.7   Sandwich Construction 

The following techniques for minimizing damage fron small-arms 
projectile impacts on sandwich construction should be considered: 

* Provide high-strength face sheet to inner core bonding material in 
areas where fuel or other liquids are carried to prevent or minimize 
delamination from liquid pressure pulse (hydraulic ram) effects 
caused by ballistic iyacts. 

Consider the use of "planking" construction techniques to limit face 
sheet delamination from core material as a result of projectile 
impacts. 

Use high-temperature-tolerant bonding materials in areas where short- 
term fires or high-temperature air can be experienced from small- 
aims damage, to minimize loss of structural integrity. 
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6.1.10.8   Sculptured Plate Construction 

Where sculptured plate construction is used, the following design 
techniques should be considered: 

• Use materials with high fracture-toughness characteristics to resist 
crack propagation from ballistic damage.    For example, use 2024-T4 
aluminum alloy in place of higher strength, but more brittle, 
7075-T6 aluminum alloy.   Select heat-treat condition of material to 
obtain good fracture-toughness values. 

• Use "planking" construction for structural areas primarily under 
tension-type loads to limit crack propagation from battle damage. 

• Avoid straight lines of fasteners over large sections subject to high 
stress loads to limit rapid "zippering" effects due to projectile 
damage. 

• Design sculptured sections with large radii, and avoid abrupt changes 
in sections where ballistic inpact energies can develop high stress 
concentrations. s 

6.1.11    BEARING APPLICATION/ATTAOfffiNTS 

Rod end bearings should incorporate grease fittings if used in high 
temperature areas. 

Provide moisture sealing and good lubrication of all pivot bearings. 
An adequate nunber of grease fittings must be provided for forced purging of 
old grease and foreign materials from heavily loaded bearing areas. 

6.2   MATERIAL SELECTION 

The selection of materials for structural components will vary depending 
on environment, load intensity, density, fatigue spectrum, fabrication limita- 
tions, electrical properties, and stiffness requirements.   All these factors 
must be considered when selecting the most efficient material to use. 

Table III provides material reconmendations for primary structure with 
advantages and limitations considering the factors noted above. 
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6.2.1    FRACTURE MECHANICS 

During inspection visits to USAF, Navy, and airline repair facilities 
several examples of fatigue failure of structure were observed.    Many of the 
failures were the result of approaching the predicted fatigue life of the 
aircraft.    However, some indicated premature failure resulting from poor 
selection of material or temper and deficiencies in design and fabrication. 

Materials which demonstrated less than expected fatigue life in some 
cases are 7079-T6 and 7075-T6 aluminum alloy, especially in the heavier forged 
components,  2024-T851 aluminum alloy in fittings, 2024-T8510 aluminum alloy 
extrusions, D6 AC alloy steel, and 300 M alloy steel.    Fracture toughness in 
most of these materials has been sacrificed for higher strength tempers. 
Susceptibility to stress corrosion cracking has also played an inportant part 
in low fatigue life of these materials. 

Improper attention to detail design to reduce stress concentration points 
caused by sharp fillet radii, abrupt changes in edge trim and thickness, and 
location of rivets and bolts in critical stress areas also was indicated. 
Improper stiffening of thin webs, subjected to high frequency vibration or 
pressure reversals, have also contributed to failures. 

Fabrication deficiencies such as sharp irregularities in machined 
surfaces, improperly drilled holes, and inadvertent gouges or scratches in 
critical surfaces have caused premature failures in critical parts.    In the 
case of 300 M steel, grinding bums can seriously affect the fracture and 
fatigue characteristics of the material due to its extremely high heat treat 
strength. 

6.2.2    CORROSION PROPERTIES 

An important factor in the selection of structural materials is their 
resistance to corrosion. There are several types of corrosion which affect the 
material's ability to perform its designed function.    They can be classified 
into three groups: 

• General corrosion 

• Localized corrosion 

• Cracking 
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6.2.2.1 General Corrosion 

The most common type is general corrosion which acts uniformly over the 
surface and gradually thins the material reducing its strength.    This type is 
easiest to detect, control, and predict resulting decrease in product life 
It is usually caused by exposure to a damp environment or continuous wetting 
or by chemical dissolution by acids, salts, or bases. 

6.2.2.2 Localized Corrosion 

Localized corrosion includes pitting, crevice corrosion, galvanic 
corrosion, intergranular corrosion, and selective leaching of alloying ele- 
ments.    (See figure 31, example A.)    This type also acts in conjunction with 
erosion, captation in hydraulic units, and fretting of highly loaded bearing 

6.2.2.3   Cracking 

The most difficult type to predict is corrosion which causes cracking of 
the material.    It usually works in conjunction with other forces or elements 
Corrosion fatigue is initiated at a crack which starts from a corrosion pit ' 
and develops to a wedge-shaped crack from continued stress cycles and corro- 
sion action.    Stress corrosion cracking is similar in its development, but is 
the result of combined action of corrosion and static stresses, either resid- 
ual or applied.    (See figure 31, example B.)    Another cracking type of corro- 
sion is exfoliation.    This is a subsurface corrosion in the form of cracks 
that propagate approximately parallel to the surface.    It appears most fre- 
quently in aluminun alloys, and creates a laminated, flaky, or blistered 
condition. 

6.2.3    FINISHES 

Nearly all the materials used in the airframe structure are now given 
seme type of finish coating.    The primary purpose of a finish coating is to 
protect the base material from deterioration.    It may also be used to provide 
surface properties that are suitable for a particular kind of functional 
service.    There are many different types of coating, all of which can be 
classified into four categories as follows: 

• Metallic or metal alloy coatings 

• Ceramic and cemet coatings 
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• Conversion coatings 

• Organic coatings 

6.2.3.1   Metallic or Metal Alloy Coatings 

Metallic and metal alloy coatings are used primarily on alloy steel parts 
for corrosion resistance or wear.    In some cases they are used for electrical 
conductance. 

6.2.3.2   Ceramic or Cennet Coatings 

Ceramic and cermet coatings are used on alloy steel parts for resistance 
to erosion and wear as well as high heat and flame. 

6.2.3.3   Conversion Type Coatings 

Conversion type coatings are used for corrosion resistance on such base 
metals as aluminum, iron, carbon steel, magnesium, titanium and zinc.    These 
coatings are formed by converting a thin film of base metal, either by 
chemical or by electrochemical modification.    The surface film is generally 
conposed of either a chromate, oxide, or phosphate compound derived from the 
base metal and processing solutions. 

\. 6.2.3.4   Organic Coatings 

The most conmonly used finishes are the organic coatings.    These comprise 
all single or multilayer surface films that are formed by solidification of a 
drying oil or resinous liquid.    They are classed as primers,   paints, enamels, 
lacquers, or varnishes.    Their use covers several functional purposes such as 
appearance, corrosion resistance, and reflection or absorption of heat and 
light. 

There are many kinds and compositions of organic coatings, and selection 
should be made only after consulting various manuals and listings which are 
available from suppliers.   However, for corrosion protection of all aluminum 
alloys used in structural applications, a good polyurethane epoxy-polyamide 
coating is preferred by most maintenance personnel. 
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6.3    CORROSION CONTROL 

6.3.1    SELECTION CONSIDERATIONS 

The primary consideration in the design and construction of aerospace 
weapons systems is the ability of the design to comply with structural and 
operational requirements.    In addition, the aerospace weapons are expected to 
perform reliably and require minimum maintenance over a specified lifetime, 
which includes minimizing the rate of deterioration.     Therefore, in the 
selection of suitable materials and appropriate processing methods to satisfy 
structural requirements, consideration must also be given to those materials, 
processing methods,  and protective treatments which reduce service failures 
due to deterioration of parts and assemblies in service.    Deterioration modes 
which contribute to service failures include, but are not limited to, pitting 
corrosion, galvanic corrosion, exfoliation corrosion, stress corrosion, cor- 
rosion fatigue, the mal embrittlement, fretting fatigue, oxidation, hydrogen 
embrittlement, weathering and fungus growth.    In the entire design phase, 
attention should be given to precautionary measures to minimize deterioration 
of individual parts and assemblies as well as the entire system. 

Precautionary measures include proper selection of materials,  limitation 
of design operating stresses, relief of residual stress levels, shot peenmg, 
heat treatments which reduce corrosion susceptibility, and protective coatings 

and finishes. 

6.3.2    EXCLUSION OF RAIN AND AIRBORNE SPRAY 

The design of the system should be such as to prevent water leaking into, 
or being driven into, any part of the system either on the ground or in 
flight.    All windows, doors, panels, canopies, etc, should be provided with 
sealine arrangements such that the entry of water is prevented when these 
items are correctly closed.    Particular care should be taken to prevent the 
wetting of equipment, and heat and sound proofing materials.    Sharp corners 
and recesses should be avoided, so that moisture and solid matter cannot 
accumulate to initiate localized attack.    Sealed floors with suitable drainage 
should be provided for galleys, toilets, and cockpits. 

6.3.3    VENTILATION 

Adequate ventilation should be provided in all areas to prevent moisture 

retention and buildup. 
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6.3.4 DRAINAGE 

Drain holes should be provided in the system to prevent collection or 
entrapment of water or other unwanted fluids which can enter by various 
methods. All designs should include considerations for the prevention of 
water or fluid entrapment, and insure that drain holes are located to effect 
maximum drainage of accumulated fluids. Actual aircraft configuration and 
attitude should be considered in addition to component design. 

6.3.5 DISSIMILAR MET.US 

The use of dissimilar metals (as defined by MIL-STD-889) in contact with 
each other should be limited to applications where similar metals cannot be 
used due to peculiar design requirements. When it is necessary to use dis- 
similar metals in contact, the metals should be adequately protected against 
galvanic corrosion. Galvanic corrosion can be prevented by interposition of 
a material which will reduce the overall electrochemical potential of the 
joint or by interposition of an insulating or corrosion inhibiting material. 

6.3.6 ALLOY SELECTION 

Whenever the design requires the selection of aluminum for structural 
components, maximun use should be made of alloys, heat treatments, and clad- 
dings which minimize susceptibility to pitting, and intergranular or stress 
corrosion. The following are alloy tenper reconmendations for resistance to 
exfoliation or stress corrosion. 

Exfoliation resistance 

Alloy Tenper 

2014 

All Artificially Aged 

T76XX, T73XX 

T76XX, T736XX 

T76XX, T736XX 
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X 

Alloy 

7175 

7475 

Stress corrosion resistance 

Alloy 

2024 

2124 

2219 

7049 

7050 

7075 

7175 

7475 

Temper 

T76XX, T736XX 

T76)a, T73XX 

Temper 

All Artificially Aged 

T73XXX 

T73XXX 

T73XXX 

T73XXX 

T73XXX 

All  aluminum sheets used in external environments and interior corrosive 
environments should be clad on both sides, except where the design requires 
surface metal  removal by machining or chemical milling, or where the design 
requires adhesvie bonding, or where the design uses alloys of the 5000 or 
6000 series type.    Surfaces from which cladding has been removed should be 
protected in accordance with MIL-F-7179, which requires a chemical or anodic 
film followed by an organic finish. 

6.3.7   ALUMINUM ALLOY SELECTION LIMITATIONS 

Mill product forms of aluminum alloys 2020,  7079, and 7178 in any temper 
conditon should not be used for structural applications.    The use of 7075-T6 
should be limited to thicknesses not to exceed 0.125 inch. 

6.3.8   MAXIMUM METAL REMOVAL 

Maximum metal removal from surfaces of non-stress relieved structural 
parts after final heat treatment should not exceed 0.150 inch, unless the 
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final temper or condition has been demonstrated to have a stress-corrosion 
resistance of 25 ksi or higher in the short transverse grain direction   as 
MÜÜTO^   

y^ 20 day alternate immersion test given in FED-STD-151. 
Method 823.    This requirement is applicable to 2000 and 7000 series alloys, 
but 30 days shall be used on 2000 series alloys.    Tension stress-relieved or 
compression stress-relieved aluminum products should be used.wherever possible 
Maximun metal removal requirements are not intended to apply to mechanically 
tress-reUeved products because of the low level of internal stresseTresuU- 

ing from mechanical stress-relieving. 

6.3.9    SHOT PEENING FOR STRESS CORROSION RESISTANCE 

All suriaces of all stmctural forgings, where accessible after final 
machining and heat treatment, should be completely shot peened using a minimum 
of two coverage passes, or placed in compression by other suitable means. 
This process is not necessary for forgings having a demonstrated stress cor- 
rosion resistance of 25 ksi or higher in the short transverse direction, and 
web areas under 0.080 inch thick where no short-transverse grain is exposed by 
machining     Those areas of forgings requiring lapped, honed, or polished sur- 
face finishes for functional engineering requirements should be shot peened 
prior to such surface finish operations.    Aluminum forgings used in corrosive 
environments should have essentially no residual surface tensile stresses in 
the final heat treated and machined condition.    Surface finish clean-up of 
shot peened surfaces such as landing gear bores, as required for proper fit 

n nmf-^ff 0'003 ^ 0f SUr£aCe material  rem0Val  for ^™™™ alloys, or 0.0015 inch for steels. 

6.3.10    STRESS CORROSION FACTORS 

High strength aluninum alloy parts should be designed, manufactured 
assembled, and installed so that sustained residual tensile stresses are 
minimized to prevent premature failures due to stress corrosion cracking 
In cases where such stresses cannot be avoided, corrective practices such as 
use of stress corrosion resistant alloys and tempers, optimum grain-flow 
orientation, shot peening. or similar surface working processes should be 
employed. 

6.3.11    LOW-ALLOY, HIGH-STRENGTH STEELS 

All low alloy, high strength steel parts, including fasteners, require 
corrosion protective metallic coatings by a process proven to be non- 
embnttling to the alloy/heat treatment combination.   Applicable metallic 
coatings and finishes are described in subsequent sections of this document 
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6.3.12    LIMITATION ON USE OF PROTECTIVE METALLIC COATINGS 

Soft surface coatings such as cadmium, nickel-cadmium, and aluminum 
should not be used for sliding or wear applications.    Cadmium plated surfaces 
should not be used in applications where surface temperature exceeds 450oF. 
Cadmium should not be used in contact with fuel, hydraulic fluid, or lubri- 
cating oil.    The use of chrome plating for corrosion protection of alloy steel 
wear surfaces in interior environments is acceptable.    For applications 
involving exposure to the exterior environment, chrome plating should be 
considered an acceptable corrosion protection of alloy steel wear surfaces 
only when the chrome plating is periodically lubricated (fluid or grease types 
only) or a 0.0015 inch minimum layer of nickel plating is applied under the 
chrome.    All chrome plated steel surfaces should be shot peened prior to plat- 
ing.    Chrome plated surfaces should not be used in applications where service 
temperatures exceed 700oF. 

6.3.13    STRESS CORROSION FACTORS 

Alloy steel parts heat treated to 200,000 psi and above should be 
designed, manufactured, assembled, and installed such that sustained residual 
surface tensile stresses will be minimized to prevent premature failures due 
to stress corrosion cracking.    Whenever practicable, the use of press or 
shrink fits, taper pins, clevis joints in which tightening of the bolt 
imposes a bending load on the female lugs, and straightening or assembly 
operations that result in sustained residual surface tensile stresses in 
these materials shall be avoided.    In cases where such practices cannot be 
avoided, apply protective treatment such as stress relief heat treatments, 
optimum grain-flow orientation, wet installed (with a protective material) 
inserts and pins, and shot peening or similar surface working techniques to 
minimize the hazard of stress-corrosion cracking or hydrogen embnttlement 

damage. 

6 3.14    CORROSION-RESISTANT STEELS 

Except for the 400 Series Martensitic steels, corrosion resistant steels 
generally exhibit excellent corrosion resistance and do not require protective 
coatings for general protection against corrosion.    Corrosion resistant steels 
should be passivated.    Table IV may be used as a guide in the selection of 
corrosion resistant steels for structural applications. 

6.3.15    CORROSION-RESISTANT STEEL LIMTTATIONS 

No corrosion resistant precipitation hardening steels should be used in 
the H900 condition.    Corrosion resistant steels such as maraging, Almar 
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Table IV 

CORROSION CHARACTERISTICS OF CORROSION-RES! STAOT STEELS 

General Corrosion Stress Corrosion 

Class Mloy Resistance Resistance 

3.6 Excellent Excellent 

347 Excellent Excellent 

A286 High Excellent 

Austenitic 321 High Moderate 

304 (ELC) Moderate to high Moderate 

302 Moderate Low 

303 Low to moderate Low 

440C Moderate - sensitive All grades susceptible 

to hydrogen 
embrittlement 

to stress corrosion 
cracking 

Martensitic 
420 Low to moderate - 

410 

416 

will develop 
superficial rust 
film with 
atmospheric 
exposure 

PH13-8M0 

PH15-7M0 

PH14-8M0 

High 

High 

High 

Susceptibility varies 
significantly with 
composition, heat 
treatment, and product 

Precipitation 
hardening 

17-4PH 

15-5PH 

High 

High 

form 

AM355 High 

AM330 High - 

^- -- ■ -  ■  i  i -  
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series   Custom series, etc. should not be heat treated to their höhest 
strength condition.    Corrosion resistant steels 19-9DL «d 43   shjSd not h. 
u.ed for any application.    Series 400 martensitic gradeCosiJn resist 

m^ K-i ^ ^ be ^ in ^ 150'000 t0 ^O.OOO P" streng hrS Unstabilized austenitic steels may be used up t^ 700°F.    Sd assXies 
thereof should not be used unless they have been given a so uUon heat   reat 
ment^fter welding (except for the stabilized graL 321 and S" ELC^oTl 

■ ■ 

6.3.16    SURFACE CONSIDERATIONS 

extruston^d bf ^^^1^^^^^^°^ t 

perature.    This includes contamination as a result of mill processine   heat 
treating and elevated temperature foming operations. Processin8. h^t 

6.3.17 FRETTING 

life J1.!^ aii0yS are.Peculiarly susceptible to the reduction of fatigue 
life due to fretting at interfaces between titanium alloys or titaniuT^d 

sh^H hT T3   PftS-  :In Ty deSign Where frettir*g is suspected. SsS should be made to detemine whether such a condition will exist,   iesig^ con- 
siderations should be applied to minimize fretting in structural appUcations 

6.3.18 SPECIAL PRECAUTIONS 

JPS      ^ n0t be cadmium P^ted and should not be used in 
L with cadmium plated parts or tools. 

Titanium 
direct contactV^, . umi, ,. ,...  ,.,,., s or tools<    Sil       b 

lllZl P
IH K ^ S1/T Plated faStenerS f0r elevated temperature applica- tions should be avoided.    All applications of titanium above 600° F should 

include consideration of the hot salt cracking phenomenon. 

6.3.19   MAGNESILM 

I 

Magnesium alloys should not be used unless they are in areas where low 
ITtlT      ^orrosive.environments can be expected, and adequate protection 
systems can be maintained with ease and high reliability.    Specific approval 
of the procuring activity shall be obtained.    Magnesium alloys should not be 
used in primary flight control systems, for landing gear wheels, or for 
pnmaiy structure.    They should not be used in any other areas subject to 
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used for rivetinfnagnes JTa! ^ ;a^ y v™""" alloy S056 rivets »l»"" be 
used for electrilal fond™ o^roS* pT^t ^^ ^ "« te 

6.3.20    BERYLLIUM 

rosion.    Tests should be condS Jo ^     ^ t0.Pr°tect parts against cor- 

coating „der conditions sZt   „VL .LTct^r™ "^ "'^ ^""^ "S tne expected corrosive environments. 

6.3.21    MERCURY 

stresf c^inTof^rTd tU^ZTC CaUSe —"^ 
should not be used on installed eouSt     ^'  .Devices containing mercuiy 
spillage can contact the^e ^^1^ '       ' ^ dUrin8 Producti^. where 

6.3.22   ADHESIVELY BONDED ASSEMBLIES 

assembly ^ge sealing shoidt used " addtti™^*6 'T?™'   PoSt- 
preclude water entry     Perforat.H !! "addition to design techniques which 
moisture transfer should n« be LH   ^n "T ^"«urations which allow 

^not reaul? in ^H ^^l^l^VjtfZl^ 

6.3.23   FOAM PLASTICS 

Foam plastics should not be used for metal ^in ^^ T    . 
sandwich core material in structural r^Ünf       lu sta?lllzatlon, or as a 
sandwich parts   low densitv STi«       ^nents, other than all-plastic 
foam.   Use of ihes" S^LS sJouS 1^ ?! I)0110" ßlaSS bead (syntactic) 
sonic fatigue, and aU^Sd envx"^«^ ^ mleSS rig0r0US vib^on, 
demonstrate a durable prXt     ^1!onmental ^osure tests can amply 
preclude contact fffl^Ä ^^""P0^5 ^ould be completelTsealed to 
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6.3.24   HYGROSCOPIC MATERIALS 

Nonwicking, nonhygroscopic gaskets should be used to prevent moisture 
intrusion.    Felt, leather, cork asbestos, or glycol impregnated gaskets 
should be avoided.    The outer edges of laminated assembliei-. should be sealed 
to prevent moisture intrusion. 

6.3.25   WATER DISPUCING COMPOUNDS 

Water displacing compounds may be used to coat metal surfaces against 
moisture, fingerprints and corrosion.    On plated surfaces of electrical 
devices  (including leads, contacts, and terminal posts), the soft film types 
of such compounds have been found to be effective protection against corrosion 
at pores or pinholes in the protective plating, a defect frequently found with 
standard commercial items.    The water displacing compounds shall be in accor- 
dance with applicable military specifications.    Other corrosion preventive 
compounds must be approved by the procuring activity. 

6.3.26    INSULATING BLANKETS 

Where thermal-acoustical insulating blankets are required, they should be 
either procured with a permanent baked on water repellant binder system, or 
suitably protected with sealant to prevent any moisture absorbed by the 
blanket from contacting the metal structure.    The blankets should be attached 
to the aircraft structure by means of an adhesive.    The blankets below the 
floor should be separated from the aircraft structure by standoffs, and 
attached to the standoffs by an adhesive. 

6.3.27    CLEANING 

Cleaning of the various types of metallic surfaces, prior to application 
of the surface treatments and coatings, shall be as specified in MIL-S-5002, 
using materials and processes which have no damaging effect on the metal, 
which includes freedom from such things as pits,  intergranular attack and sig- 
nificant etching.    Appropriate inspection procedures should be established. 
After cleaning, all parts should be completely free of corrosion products, 
scale, paint, grease, oil, flux, and other foreign materials  (including other 
metals), and should be given the specific treatment as soon as practicable 
after cleaning.    Particular care shall be exercised in the handling of parts 
to assure that foreign metals are not inadvertently transferred, as may occur 
when steel is allowed to come into contact with zinc surfaces. 
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6.3.28   TITANIUM CONTAMINATION 

used o^uS Xt "«"„rr th^lr^ ^ **> other chemicals 

a. Hydrochloric acid 

b. Trichlorethylene 

c Carbon tetrachloride 

d. All chlorides 

e. Chlorinated cutting oils 

f. Freons 

g. Methyl alcohol 

6.3.29 SURFACE DAMAGE 

coaungs used for repair shoujd be the s« ^those » tÄÄeaa. 

6.3.30 INORGANIC FINISHES 

6.3.30.1 Detail Requirements 

far^lT™*' SUrfaCe treatments. and inorganic finishes for metallic sur- 
MR S-5002erTle "T" ^'T PartS Sh0Uld be in accordance w" SUr 

MIL S 5002.    Ihose parts, or surfaces of parts, located in corrosion susceo- 
tible areas, or which form exterior surfaces of the system   win ^JS 
chemical finishing to provide maximum corrosion resistance.' ^ 

6.3.30.2 Aluminum 

All unclad parts made fron 7000 series aluminum alloys and located on th. 
extenor surface or in an interior corrosive or abrasive Lv^Tstald 
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be sulfuric acid anodized in accordance with MIL-A-8625   TvDe IT      pnnn 
aluminum alloys may be anodized in accordance with MIL A R^l   r       ?     ^^ 

6'3.30.3   Adhesive Bonding 

faces should subsequently be cnatPH UHH, O ,        The treated sur- 
primer compatible wUh   he adhes ve     MI/T™ inhibiting ^^e 
with the approval of the proc^   ng acUvUy     S^ZT^T ^ be ^ 
should have a corrosion resistant f^1ch San^lch construction core ^.unobion resistant finish m accordance with MIL-C-7438. 

6•3.30.4   Cadmium Coatings 

minim^^sl'ofo^fin^td^ ^T™' ^ ^ * 
chromate conversion coating     High strength lllu'T^ ^'^ With a 

strength of 200.000 psi J'abo^   hoÄ p   t ^ Ähe'ti L^ T^ 
process in accordance with MIL-STD-lsnn   thl It,      f titanium-cadmium 
accordance with MIL-C-8^7   n. bTO.15?0' the vacuum deposition process in 
ZZT t ' or a similar non-embrittling process    excent ^ noted m paragraph 6.3.11. yiv^ei,*, except as 

6.3.30.5   Magnesium 

6.3.31    ORGANIC FINISHES 

6.3.31.1   General Requirements 

MIL-F-ylyg!111^65 and COatin8S Sh0Uld be consistent with the requirements of 
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6-3.31.2   Detail Requirements 

The organic finishes or finish systems used should provide the necessary 
protection against corrosion for all materials used in areas subjected to 
corrosive environments.    All exterior paints and colors should be consistent 
with themal design requirements.   Marking and color schemes should be in 
accordance with MIL-M-25047 and T.O.  1-1-4, or as otheivise specified by the 
procuring activity.    The exterior organic finish system should be MIL-C-83286 
aliphatic polyurethane over MIL-P-23377 epoxy polyamide primer.    This organic 
finish system is suitable for temperature requirements to 350oF.    Interior 
primer should confonn to MIL-P-23377, except in high temperature areas such as 
engine bays.   Where primers are required in high temperature areas, the 
selected material should be approved by the procuring activity.    Integral fuel 
tank coatings should meet the requirements of MIL-C-27725.    All exterior plas- 
tic parts which are subject to rain or solid particle erosion should be 
protected by coatings conforming to specifications MIL-C-83231 or MIL-C-83445. 
Justification data, including both laboratory and service experience, should 
be submitted for approval by the procuring activity whenever materials other 
than those given above are proposed. 

6.3.31.3   Organic Finish Application 

The MIL-C-83286 aliphatic polyurethane coating should be applied in two 
coats to a thickness of 0.0018 to 0.0023 inch, for an overall average total 
topcoat thickness of 0.0020 inch.    The MIL-P-23377 primer should be applied 
to a thickness of 0.0006 to 0.0009 inch, for an overall average primer 
thickness of 0.0008 inch.    Organic finishes should be applied in accordance 
with MIL-F-18264. 

6.3.31.4   Magnesium Surfaces 

Magnesium surfaces should receive pretreatment, two coats of primer, and 
two top coats prior to assembly.   Magnesium conponents should be installed 
without undergoing any operation such as hole drilling or fit-up, which would 
damage this finish.    All faying surfaces should be sealed with, and all 
fasteners should be installed wet with a corrosion inhibiting sealant con- 
forming to MIL-S-81733. 

6.3.32    ENVIRONMENTAL SEALING 

6.3.32.1   General Requirements 

Environmental sealing is utilized to provide protection from corrosion 
by excluding moisture and other corrodants from joints.    It is inportant that 
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the areas to be coated with sealant be adequately cleaned before sealant is 
applied. 

6.3.32.2 Detail Requirements 

All joints and seams located in exterior or internal corrosive environ- 
ments, including those in landing gear wells, control surface wells, attach- 
ment wells, and structure under fairings should be faying surface sealed with 
sealant confoming to MIL-S-81733, MIL-C-83982, MIL-S-8802, or MIL-S-83430. 
The MIL-S-81733 specification covers a sealant which contains a soluble 
chromate content of 3 to 6 percent for corrosion inhibition. For sealing high 
temperature areas, MIL-S-38249, firewall sealant, should be used. The use of 
sealants not covered by a Militaiy Specification should be approved by the 
procuring activity. Removable panels and access doors should be sealed, either 
by mechanical seals, or separable faying surface sealant MIL-S-8784. 

6.3.32.3 Special Considerations 

RTV silicone adhesive sealants are occasionally required for specialized 
applications in aerospace equipment.    Sealants conforming to MIL-A-46106 or 
MIL-A-46146 should be used for these applications.    Caution must be exercised 
when using MIL-A-46106 material since it may cause corrosion due to liberation 
of acetic acid during curing.    The application precautions given in 
MIL-A-46106 should be followed. 

6.3.33    FASTENER INSTALLATION 

6.3.33.1   Detail Requirements 

All permanently installed fasteners  (fasteners not normally removed for 
regular access of servicing) should be installed with a corrosion inhibiting 
sealant confoming to MIL-S-81733, where temperature limitations permit.    In 
high temperature areas, up to 350oF, MIL-P-23377, epoxy primer, or a sealant 
which is suitable for the thermal environment should be used.    Fasteners in 
integral fuel tanks should be installed with wet sealant as specified in 
MIL-S-8802 or MIL-S-83430.    The use of sealants not covered by a military 
specification should be approved by the procuring activity. 

6.3.33.2   Special Considerations 

Quick release fasteners, and removable fasteners penetrating exterior 
surfaces, should be designed and installed so as to provide a seal to prevent 
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moisture or fluids from entering.   Holes for these fasteners should be primed 
and allowed to dry prior to installation of the fasteners. 

.3.33.3   Titanium Rivets 

Titaniun rivets installed in titanium structures may be installed dry, 
unless sealing is required for liquid tightness. 

6.3.33.4 Cadmium-Plated Fasteners 

Cadmium-plated fasteners should not be used in applications which would 
bring them into contact with titanium, and titaniun fasteners should not be 
used in applications which would bring them into contact with cadmium plated 
components. Cadmium plated fasteners should not be used in contact with 
graphite composites. 

6.3.33.5 Monel- and Copper-Plated Fasteners 

Monel fasteners or copper-plated fasteners should not be used in contact 
with aluminum components. 

6.3.33,6 Permanent Fasteners 

All permanently torqued fasteners should be lubricated with a mixture of 
50 percent (by weight) petrolatum, and 50 percent (by weight) molybdenum 
disulfide MIL-M-7866. 

6.3.33.7 Fasteners in Magnesiun 

Only 5056 aluminun fasteners should be used to fasten magnesiun 
components. 

6.3.33.8 Exfoliation Prevention 

The use of aluninun coated fasteners is the preferred method for pre- 
venting exfoliation in the countersink area of aluminum skins. 
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6.4 MAINTENANCE 

6.4.1 INTRODUCTION 

Aircraft structural maintenance constitutes a significant portion of the 
total cost of maintaining an airplane in service. A figure of 27.3 percent 
was determined from cost data reported in USAF maintenance reports on several 
types of aircraft, which include fighters, trainers, bombers, tankers, and 
cargo carriers. This fact makes it important to consider the maintainability 
factor carefully in the design of any new aircraft. 

There are four primary design aspects which should be questioned. Does 
the design provide adequate capability for inspection, access, repair, and 
replacement? 

6.4.2 INSPECTION 

There are a number of nondestructive inspection (NDI) techniques available 
depending on the material being inspected, the structural fom, and the type 
of defect being sought. The most common methods are: 

a. visual 

b. Penetrant 

c. Eddy current 

d. Radiographic 

e. Magnetic 

f. Ultrasonic 

Application of each of these methods and their advantages and disad- 
vantages are shown in figure 32. 

Inspection is an important part of the overall maintenance effort.    It 
should not be done indiscriminately since it also can cause additional wear 
and tear on structure and finishes.    Inspection schedules are determined from 
historic failure experience on similar structure, or from predicted failure 
data obtained from tests.    Its prime purpose is to detect the start oi a 
failure before it becomes either costly to repair, or progresses to cata- 
strophic failure. 

Special provisions in the design for inspection are not noimally required. 
However, access for personnel and equipment is necessary.    In most cases parts 
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Type of 
Method 
Employed 

Application Advantages Disadvantages 

Visual 

<8> 
Detection of surface de- 
fects or structural dam- 
age in all materials. 

Is simple to use in 
areas where other 
methods are im- 
practical. Optical 
aids further en- 
hance this method. 

Reliability of this method 
depends upon ability and 
experience of inspector. 
Accessibility required 
for direct visibility or 
borescope. 

Penetrant 

J 
Detection of surface 
cracks in all metals, 
castings, forgings, 
machined parts and 
weldments. 

Is simple to use. 
Accurate, fast, 
easy to interpret. 

Defect must be open to 
surace and accessible to 
operator. Defect may be 
covered by smeared me- 
tal. Part must be cleaned 
before and after inspec- 
tion. 

Eddy 
Current 

Detection of surface 
defects in metallic 
surfaces, cacks, pits, 
intergrannar corro- 
sion, and heat-treat 
condition. Conducti- 
vity measurement for 
determining fire-dam 
aged area. 

Is useful when 
checking attach- 
ment holes for 
cracks not detect- 
able by visual or 
penetrant. Fast, 
sensitive, por- 
able. 

Sensitive to combination 
of variations, and un- 
wanted ones must be 
nulled out. Special 
probes required for each 
application. 

Radiographic 
(X-Ray) 

T '7\\ 

Detection of internal 
flaws and defects 
such as cracks, cor- 
rosion, inclusion, 
and thickness varia- 
tions. 

Eliminates many 
disassembly re- 
quirements. Has 
high sensitivity 
and provides a per- 
manent record on 
film. 

Radiation hazard, trained 
operators. Film process- 
ing equipment required. 
Crack plane must be r.early 
parallel to X-ray beam to 
be detected. Electrical 
source required. Special 
equipment require to posi- 
tion X-ray tube and film. 

Magnetic 
Particle 

Detection of surface or 
near-surface defects in 
ferromagnetic materials 
of any shape or heat- 
treat condition. 

Is simple in prin- 
ciple, easy, port- 
able. Fast method 
is positive. 

Parts must be cleaned be- 
fore and demagnetized af- 
ter inspection. Magnetic- 
flux must be normal to de- 
fect plane to yield indi- 
cations. 

Ultrasonic Detection of surface and 
subsurface defects, 
cracks, lack of bond, 
laminar'flaws, and thick 
ness gaging in most 
metals by pulse echo 

Fast, dependable, 
easy to operate. 
Results are immed- 
iately known, high- 
ly accurate, high 
sensitivity, and 
portable. 

Trained operator required 
Electrical source requir- 
ed. Crack plan orienta- 
tion must be known to se- 
lect wave mode to be used. 
Test standards required to 
establish instrument sen- 
sitivity. 

Figure 32.   Nondestructive Inspection Methods 
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can be inspected on the aircraft, but those requiring penetrant, magnetic, or 
eddy current techniques usually have to be removed, and require finish 
removal and special processing.    The ultrasonic method is used frequently on 
the aircraft without altering the part or finish.   The radiographic method is 
used primarily to detect flaws or cracks which have not propagated to the 
surface. 

6.4.3   ACCESS 

One of the most important factors affecting maintenance costs is 
accessibility. Good access is essential for inspection, and all maintenance 
actions that result. There are four primary levels of access usually required: 
inspection access, removal access, personnel access, and service access. 
Following are some of the characteristics of the doors and openings recom- 
mended for these access levels. 

X 

6.4.3.1 Inspection Access 

• Visual - small openings from 1/2 inch diameter for horoscope equipment 
to 5 inch diameter for light and viewing from outside the cavity. 

• Inspection equipment - may require openings up to personnel size for 
portable x-ray or ultrasonic equipment. 

• Compartment access - minimum of 11 x 17 inch oval-shaped opening 
required. If area inside the door is restricted, larger sizes may be 
required. Human engineering studies may be necessary to develop 
specific access values. 

6.4.3.2 Removal Access 

• Parts replacement - must have sufficient access for removal without 
undue disassembly. 

• Equipment removal - sizes vary with equipment, but a good rule is to 
have a minimum of 1 inch clearance all around. 

6.4.3.3 Personnel Access 

• Crew - refer to AFSC DH 2-1 Design Handbook for Aeronautical System 
Airframe 

• Maintenance personnel - minimum of 11 x 17 inch oval opening required 
for compartment entry. If area inside the opening is restricted 
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coXted'to Z be.re<*uired- "^ engineering studies should be 
conducted to determine required dimensions. 

6.4.3.4 Servicing Access 

* AH«! etc
fcr s s^inr1"8 equi,mnt- ^^»hmg ^«„c       • usually small size doors, commensurate with nnpra- 

e Lrre^^1^"10^ ^ d00rS wit,; ^ reLLe l^s are desired to minimize maintenance efforts. ^tcnes 

• Servicing - sizes will vary with access required.    Examoles are- 

Zl>ZS eqUiPment' amament' en8ine' ^ expend^les^^ors 
require quick acting panel fastener, or latches to minima servicing 

6.4.4    REPAIR/M)DIFICATION 

6.4.4.1    Levels of Repair 

accor^tTthV^"1!" iS. aCCOmPlished at sPecial facilities equipped 

adius^nt/epair 0r baSe leVel type includes replacements, minor fabrication 

co^lete corrosion cleanup, and aircraft resealiAg L ntlnJS ^T      ' 

"p1a0c«1e
0nt'nSPeCti0n *" mPl0yed ^ *te"»1"^ ^ for Cr'or 

6-4.4.2   Design for Repairability 

' Make fittings and support castings replaceable. 

' ne^Ä-^f Wid? 0n strin«ers. longerons, and frames to peimit addition of reinforcements. 
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Sking thickness should permit addition of patches and reinforcements. 

Allow sufficient edge distance on fasteners to permit oversize or 
next larger size to be used. 

• 

6.4.5    REPLACEMENT 

6.4.5.1   Replaceability 

Parts are considered replaceable if they can be removed without 
destruction of attaching elements, and new parts can be installed by sinple 
trim fitting, if required, and attached with removable type fasteners.    The 
attaching areas of the replacing part may be left blank and drilled at 
installation.    Usually such parts as fittings, supports, wing tips, screwed 
on access doors, fairings, etc, are made replaceable due to'their suscepti- 
bility to damage or failures. 

6.4.5.2   Interchangeability 

Parts are considered interchangeable if they can be removed without 
destruction of attaching elements, and the replacing part can be installed 
without further fitting or drilling of attaching holes.   A matched pattern of 
attaching holes must exist between part and mounting structure.    Interchange- 
able items should include radomes, canopies, windshields, windows, landing 
gear, wheel well doors, gun bay doors, weapon bay doors, wings, movable wing 
tips, control surfaces, empennage components, and engine access doors.    These 
items are also susceptible to damage but usually require hinged attachments, 
panel fasteners, or large attaching bolts, and require tooled hole locations. 

6.''.5."5   Work Area Consideration 

The use of thin skins or thin face sheets on honeycomb structure should 
be avoided in areas of the fuselage, wing or horizontal stabilizer where 
maintenance personnel may walk or stand.    "No-step" placards are no pre- 
ventive if the area is convenient for maintenance access to nearby equipment 
requiring servicing or repair. 

Thin skins should nt be used on horizontal surfaces below maintenance 
areas, since they may bt cut or dented by dropped tools, doors, or equipment. 
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6.5   LIFE CYCLE COST IMPACT CONSIDERATIONS 

6.5.1    INTRODUCTION 

There are many factors that must be considered in the design or repair of 
military aircraft structures in order to realize the most effective design 
concepts.    The measure of such effectiveness must be established through the 
determination of their impact on the life-cycle costs (LCC) of the aircraft 
system.    Research has shown that over two billion dollars a year is currently 
being expended by the Air Force on aircraft maintenance.   A significant 
portion, approximately 25 percent of the maintenance expenditures are for 
structures.    Design studies have also shown that significant savings in main- 
tenance costs may be gained through application of the principles described in 
this handbook.    It is essential, therefore, for aircraft structural designers 
to be constantly vigilant of the impact that each design factor has upon the 
cost of ownership for an entire aircraft system. 

6.5.2   OBJECTIVE 

TTie objective of this section is to provide the structural designer with 
information and guidance in the methods that may be used to evaluate the 
impact of specific design or repair concepts on the life cycle costs of an 
individual aircraft system.    It is structured to pemit comparative evalua- 
tions of candidate structural design approaches on new aircraft and for 
candidate repair concepts on existing operational aircraft.   The methods have 
been developed to be compatible with the philosophy and cost estimating pro- 
cedures contained in Air Force Regulation (AFR) 173-10, "Cost Analysis - USAF 
Cost and Planning Factors," dated 6 February 1975. 

6.5.3   LIFE CYCLE COST (LCC) FACTORS 

The LCC factors of a military aircraft consist of three basic phases. 
These are: 

• Research and IVsvelopmnnt Costs 

The costs associated with the research and development of a military 
aircraft system are those required to design, test, and evaluate the 
air vehicle system.    For aircraft structures, this would include the 
costs for conducting research and evaluation testing of new materials, 
processes, and design concepts as part of a specific aircraft system 
program.   Also included are the costs for fabrication of prototype 
aircraft and the validation tests conducted to ensure that the design 
requirements have been achieved. 
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0 Acquisition Costs 

Includes production flyaway costs and initial spares, plus other 
investment costs such as initial training, AGE and training equipment, 
AGE and training spares, transportation, facilities, and recurring 
modifications. 

• Operating Costs  (Cost of Ownership) 

Includes fuel and lubricants, direct base maintenance personnel 
(pay and allowances of personnel for inspection, maintenance up through 
base level, and repair up through base level), replenishment spaces, 
depot maintenance, and base operations support and miscellaneous 
support (indirect operations costs such as pay and allowances of base 
operations support personnel, vehicular equipment, material support, 
rents, utilities, communications, printing and reproduction, medical 
services, and personnel training costs). 

The factors of importance relative to structural maintenance and repair 
are described in the following procedures for new and existing aircraft 
systems.    The specific values for each factor are totally dependent upon the 
variables of the individual aircraft in question.    These must be derived from 
the data base developed for the individual applications.    In the case of new 
aircraft, historical data on similar structural design concepts may be one of 
the only sources of infoimation.    Such data must be applied with care to 
ensure that all assumptions and extrapolations are valid. 

6.5.4    NEW AIRCRAFT LCC FACTORS 

In the design of a new aircraft, a number of structural concepts and 
choices of materials may be considered.    A caparison of^their impacts upon 
the total life cycle costs of the aircraft systei.. is required to pemit an 
evaluation and selection by the system manager.    The major cost factors that 
are of significance in this process are: 

6.5.4.1    Structure Weight 

Depending upon the type of aircraft, its mission flight profiles, and 
the expected number of flight hours for its life expectancy, a significant 
savings in fuel may be realized for a given reduction in weight. 
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6.5.4.2 Corrosion Control 

The difference in number of maintenance man-hours and material required 
for corrosion inspection, cleaning, repair, refinishing, and replacement of 
candidate structure concepts must be evaluated, together with the differences 
in research, development, and acquisition costs. 

6.5.4.3 Structure Accessibility 

The maintenance man-hours required to gain access to interior structure 
and other subsystem components for expected scheduled and unscheduled mainte- 
mance must be evaluated. This evaluation should consider not only the time 
established for normal removal and replacement of the structure (including 
all access panels), but the probability of damage to those structural elements 
during base maintenance operations that could require additional labor and 
materials for repair or replacement 

6.5.4.4 Aerospace Ground Equipment 

The cost of aircraft structure maintenance equipment must be evaluated 
for each type of structure considered. This includes all types of special 
repair tools, machines, inspection equipment, etc. 

6.5.4.5 Manufacturing 

The cost of special tooling, joining, processing, materials, man-hours, 
etc., required to produce the aircraft structure must be determined for each 
candidate design concept. 

6.5.4.6 Logistics 

The differential in costs for spare parts, materials, and hardware to 
support the maintenance of each candidate design concept must be determined. 
This includes the cost of transportation, storage requirements, shelf life, 
etc, that would have any appreciable affect on the logistics costs. 

6.5.4.7   Development Costs 

The differential in costs required for the research, development, and 
testing of candidate structural design concepts may be significant for certain 
types of materials and construction. 
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The aggregation of all the significant cost factors may be accomplished 
by a number of cost estimating procedures, utilized by industry and the 
Government. As long as all the life cycle cost factors related to structures 
are included, the identification of the most effective structural concept 
will be realized. 

6.5.5 OPERATIONAL AIRCRAFT LCC FACTORS 

For existing operational aircraft, determining the impact of candidate 
repair or modification concepts on life cycle costs is relatively simple 
and straightforward. The major variables that are of interest are develop- 
ment, labor, and mrterial costs. The development costs are those associated 
with the research and testing of new repair or modification design concepts, 
preparation of engineering drawing, time compliance technical orders (TCTO's), 
kit-proofing, test programs, tooling, etc. These are generally categorized as 
"nonrecurring" costs. The costs associated with the production of materials 
for modification or repair "kits" or packages together with the labor 
required for their installation are considered as "recurring" costs. 

An evaluation of the differences in costs between the costs associated 
with the maintenance or repair of an existing structural condition and a 
new concept must be conducted to determine the impact upon the life cycle cost 
of the total aircraft system. This must take into account the estimated 
remaining life of the aircraft structure and the frequency of the maintenance 
efforts. 

Several examples of typical repair concepts are presented to illustrate 
the cost factors involved in an evaluation. They are calculated to determine 
the savings that would be achieved for a remaining life of 10 years and a 
3-year "break-even" period in which a repair would pay for itself. 

Table V shows a cost breakdown comparison of a low cost design improve- 
ment with the existing design for a fuselage urinal area in a large aircraft. 
Severe corrosion of the substructure was being continually experienced due 
to leakage and spillage of the urinal unit during operational and mainte- 
nance operations. Considerable man-hours were being expended during periodic 
depot maintenance CPDM) scheduled at 48-month intervals. The labor costs 
amounted to an average of $li;,920 and material costs of $150. The low cost 
repair consisted of a new shield insert that would contain any spillage and 
prevent its migration to the substructure. The material cost for the shield 
is $195. A total of 5 labor hours would be required for installation of the 
shield at a cost of $100. These two costs represent the recurring costs for 
each aircraft. The nonrecurring costs consist of the engineering for design 
of the shield, revisions to existing maintenance handbooks and illustrated 
parts breakdown documents, preparation of the TCTO, packaging and shipping 
of kits to the responsible Air Logistics Center, and test and kit-proofing 
efforts. 
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Table VI lists the life cycle cost comparisons for a 3-year break-even 
perxod and a 10-year remaining life period. As can be seen Tsi^m^T 

^IL     f       ■ an allJ,ninun' fitting where severe corrosion could 
™v,rUeqU1;'e eXtenSiVe COrrosion control effort a^dHn some c™ls 
™\r*ZS% °$l - ^ - ^-r.; ufe - ^st 

For existing aircraft systems, Air Force Regulation 173-10 "IKAR r.c+ 

• Fuel 

• Depot maintenance 

Base maintenance materials 

• Labor rates 

Replenishment spares 

-- 
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Table VI 

LIFE CYCLE COST CCMPARTqnM 
TOWARD HiSEUGE S ^ 

Effective on 272 aircraft 
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Table VIII 

LIFE CYCLE COST COMPARISON 

(INNER-TO-OUTER-WING JOINT RIB) 

Effective on 759 Aircraft. 

Cost Description 

Nonrecurring: 
Implementation 
Fleet modification 
Parts/material3 
Labor at $20/hr3 

Recurring: 
Depot maint labor 
Base maint labor 
Material 
Spares 
Spares   kg § 
shipping 
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Table X 

LIFE CYCLE COST COMPARISON 
(ENGINE TAILPIPE CLAMP) 

Effective on 903 aircraft. 

Cost Description 

Nonrecurring^: 
Implementation 
Fleet modification 

Parts/material 
Labor at $20/hr 

Recurring: 
Depot maint labor 
Base maint labor 
Material 
Spares 
Spares pkg § 
shipping 

Total 

Savings: 
Present costs 

less repair cost 

3 Yr Period 

Present Cost 

$81,270 

102,400 

$220,891 

Repair Cost 

$18,865 

21,202 
36,120 

2,120 

1,353 

$96,203 

$124,688 

10 Yr Period 

Present Cost 

$270,900 

341,334 

$736,306 

1. Assumes repair design installed within 3 years. 

2. Spares installation. 

Repair Cost 

$18,865 

21,202 
36,120 

3,6122 

2,120 

1,353 

$101,469 

$634,837 

'"■-■'■'--''■""'"*•""" 
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6.6 TRADE FACTORS 

H 

6.6.1 INTRODUCTION 

In the evaluation of two or more candidate methods or solutions there are 
several trade factors to be considered. These are the effects on: 

1. Procurement costs 

2. Maintenance costs 

3. Performance 

4. Strength and rigidity 

5. Fatigue life 

6. Weight 

7. Reliability 

8. Safety 

^9. Logistics 

10. Ground equipment and facilities 

6.6.2 COMPONENTS OF TRADE FACTORS 

• Procurement costs involve costs of design, fabrication, handling, 
shipping, and installation. 

• Maintenance costs include inspection, servicing, corrosion control, 
rework, and parts replacement due to wear, breakage, or damage. 

• Performance of the system is affected primarily by weight deltas; 
however, it is sometimes affected also by strength and rigidity. 

• Strength and rigidity depend on material properties, sizing, and 
the mal environment. 

• Fatigue life is deteimined by the design minimizing stress concen- 
trations, by the spectrum of stress levels and cycles, and by the 
ficture mechanics of the material. 
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' mfos ol^eS'ufeT Sd :ffiCienCy 0f ^ deSi8n- »«ngth-weight ■naienals used, and environmental penalties involved. 

' ÄÄ 0
b? :^ted ^ ^ nU*er 0f ele-"t5 '" ^ "^n and 

" «San^oflo'dttr^dl SffT fSlEne<i int0 Mch e1^. oy      load paths, and failsafe design in event of failure 

' Är^zc^t^ f^ut^ire^ r ation service, maintenance, and ^ir requirement for oper- 

6.7    DESICTJ CHECKLIST 

6.7.1    PRIMARY STRUCTURE 

* ÄeÄtiT81 0f Mj0r ^^ '"* - «^ annage, 

' Seleot materials whioh are resistant to stress corrosion cracking. 

' fre^slbir8""1" UnleSS SUl,Sta,,tial Kei«ht " °*" »Stages 

* s^z^r^rTf^ster 22ri,r •or 7o00 «^ / , otx or i/ * LRES steel, and 4130 or 4340 alloy steel. 

' ^lls^Xer™*break Joints in ^ ^^. ^ 
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• Provide access through mold line surface, and frames or ribs   into 
closed compartments. * 

' Limit sandwich panel sizes to 4 x 10 feet for coiroatibility with 
repair facilities. 

• Use generous fillet radii and inside comer trim radii on highly 
stressed fittings, spars, and skins. 

• Avoid sharp steps in skin thickness which are transverse to loading, 

' Use tapered shank and interference fit fasteners only where signifi- 
cant advantages in fatigue life are obtained. 

• Avoid use of castings for primary structure. 

6.7.2    SECONDARY STRUCTURE 

• Use conmonly available materials for ease of replacement and 
repair. 

• Use magnesium alloy only where it can be easily inspected and 
replaced. 

• Provide for removal of system ducts and shafts for repair or 
replacement. 

' Make parts from sheet metal, where possible, for repairability. 

• Provide adequate skin thickness and reinforcement to withstand gun 
blast effects and acoustic vibration. 

• Provide conplete drainage paths throughout all unsealed compartments. 

' Eliminate or cover all pockets and comers in landing gear wells, 
where moisture or mud can be trapped, so as to prevent corrosion. 

• Seal enclosed areas in wheel well doors to prevent moisture entrapment 
and corrosion. 

• Insulate all joints between dissimilar metals with a nonabsorptive 
material to prevent corrosion. 
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6.7.3   FASTENERS 

' Refer to section 5 for fastener selection. 

' Use solid alu.inun, alloy driven rivets „hero possible. 

* Avoid the use of "ice-box" type rivets. 

800» E   F»; hXt str^XjT.'lf6? " temPerat^ exceeds 
rivet can be used% to "oo* F        8hteSt "^ *" 6-4 Ti bi"»^l 

' ^^e^s^He^dT"^ nCial -Elation tools, 
-pair f«m«XoÄSh0Ut ^ ai'fl™ ^ ^^ 

' ä ^ ^rn^bTA^tTAf fatteners shouid ^ '^r or types to reduce facilities requirements. 

' ^ecÄ.^5 m ml riv«s ln -I« ^ts to prevent foreign 

' Use threaded fasteners where infrequent renwyability is required. 

* Use cadmium plated alloy steel fatmy* 4„ 

rin^r ----- do^"=Trt* 
' Titanium bolts should be used only where «-*!<*♦ 

additional cost. y Weight saving warrants the 

' Type A-286 CRES steel bolts should be used only in eleven .- 
applications above 450° F. y       elevated temperature 

' Head recess on flush bolts should all he nf th* * 
Hi-tongue. l be of the same tyPe, preferably 
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' ^t'llXS'jftalled f""'»'5 0n eXteriOT surf^ should be insta-Ued with wet primer to prevent corrosion. 

' LXg^elTastneT8 PanelS Sh0Uld be ^^ with ^ick- 

' re^ssto'sil'li^0:1' ^ Standardized on the ^-e diameter and head recess to Simplify maintenance.    Suggest 3/8-inch diameter and hex 

6.7.4    CORROSION CONTROL 

Exclude rain and airborne spray. 

• Provide adequate ventilation. 

Provide adequate drainage. 

• Avoid contact of dissimilar metals as defined by MIL-STD-889. 

• Select best aluminum alloy for exfoliation resistance. 

• Select best aluminum alloy for good stress corrosion resistance. 

• Do not use aluninum alloys 2020, 7079, and 7178. 

• Do not exceed 0.150 inch maximum metal removal after final heat 
treat unless stress relieved. 

• Shot peen surfaces of forgings for stress corrosion resistance. 

' ^s.CSin/S^.COatin8 0n l0W all0y' ^ S-^ -1 

• Corrosion resistant steels must be passivated. 

' corros'ion^j^ reSiStant SteelS aCCOrding t0 general ^ 8^ss corrosion resistance. 

• Remove all mill-processed surfaces of titanium. 

• Minimize fretting in titanium stmctural applications. 

• Do not cadmium-plate titanium parts. 

m 

tmm Mum   iMtfln i i ii 
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V. 

• Avoid use of magnesium alloys except in specially approved areas. 

• Completely seal adhesively bonded assemblies to preclude water entry. 

• Use foam plastics only in all-plastic sandwich parts, and not as metal 
skin stabilization material. 

• Use nonwicking, nonhygroscopic gaskets to prevent moisture 
intrusion. 

• Use water displacing compounds to prevent corrosion. 

1 Use insulating blankets with pemanent baked on water repellent 
binder system, or protected with sealant to prevent moisture 
absorption. 

• Clean metallic surfaces in accordance with MIL-S-5002 prior to 
coating application. 

' Apply inorganic finishes for metallic surfaces in accordance with 
MIL-S-5002. 

' Use all organic finishes in accordance with MIL-F-7179. 

' Apply organic finishes in accordance with MIL-C-83286 and MIL-F-18264. 

For environmental sealing use sealants conforming to MIL-S-81733 
MIL-C-83982, MIL-S-8802, MIL-S-83430, MIL-S-38249, MIL-S-8784     ' 
MIL-A-46106, or MIL-A-46146. 

Install peimanently installed fasteners with corrosion inhibiting 
sealant confoming to MIL-S-81733. 

Design and install quick release fasteners and removable fasteners 
so as to provide a seal to prevent moisture or fluids from entering 
cavity. 6 

Do not use cadmium-plated fasteners in titanium. 

Do not use titaniun fasteners in cadmium-plated components. 

Use only 5056 aluminun fasteners in magnesium components. 
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7.0 REPAIR OR MODIFICATION DESIGN 

7.1 REPAIR OR MODIFICATION DRAWINGS 

These drawings must be as simple and clear as possible. Three things 
must be remembered when making these drawings: (1) the mechanic is working 
on a completely assembled aircraft, (2) the facilities and equipment avail- 
able to the mechanic, and (3) the skill level of the mechanic. 

Perspective, or isometric-exploded view drawings should be used whenever 
possible, as they are easier for the mechanic to understand than a plan view 
drawing and its associated myriad of dotted lines. See figure 33 for an 
example of plan view drawing of a repair, and figure 34 for the recommended 
perspective view drawing of the same repair. 

All dimensions on a repair or modification drawing must be given from a 
physical location on the aircraft. Do not use station lines, butt lines, or 
water lines. 

v 

7.2   REPAIR OR MODIFICATION KITS 

Kits should be 100 percent complete, including all necessary hardware. 
Do not call out any items to be Government-furnished, unless directed to do 
so by the procuring activity.    Special fasteners should not be used in these 
kits, unless the design precludes the use of standard fasteners.    DD rivets 
should nfil be used in any kit. 

7.3   REPAIR CONCEPTS 

7.3.1   MAIN LANDING, GEAR TRUNNION, AND PIN REPAIR CONCEPT    (Refer to para- 
graph 4.1 for problem.) 

Cover the openings on upper trunnion surface with a metal cap which is 
riveted to the trunnion. 

Provide additional passageways in the pin to allow grease from the 
existing lubricating system to be applied to the pin/trunnion bearing sur- 
faces in order to purge out grit which can possibly enter from underneath the 
trunnion during taxi on wet runways. 

Provide a dry lube surface on the trunnion bearing area.   Use either 
cadmium plate or dry lube. 
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If bearing stresses are too high, they can be reduced by adding 
approximately 20 percent to the bearing width on the aft side of the 
trunnion, and by reshaping the inner end of the pin to add more bearing sur- 
face on the upper and lower sides of the trunnion hole (see figure 35). 
Existing trunnion fittings which have galled, or damaged bearing surfaces may 
be salvaged by reaming out the damaged area, and plating or flame spraying to 
build up the area sufficiently for rehoning the hole to proper diameter. 

7.3.2 INNER TO OUTER WING JOINT RIB REPAIR CONCEPT 
for problem.) 

(Refer to paragraph 4.2 

Revise the fairing cover land and attachment for a better seal. A 
secondary seal (a mylar type diaphram), should be cemented to the fittings 
covering the bath-tub recesses so that moisture is not allowed into the 
cavities. A desiccant could be also added to the upper cavities to absorb 
any condensation within them (see figure 36). 

7.3.3 GALLEY LAVATORIES AND URINAL AREA REPAIR CONCEPTS 
4.3 for problem.) 

(Refer to paragraph 

Cover the wall and floor areas around and below the galley, lavatories, 
or urinal with a protective shield and floor pan. These items should be 
fabricated from fiberglass or a similar material, 
and floor pan should be fabricated in one piece. 
mended protective one piece wall shield and floor pan for a typical urinal 
installation in a bomber. 

If possible the wall shield 
See figure 37 for a recom- 

7.3.4 ENGINE TAIL PIPE CLAMP (Refer to paragraph 4.4 for problem.) 

It is estimated that temperature differential between the tail pipe and 
the clanp can be as high as 500° F, which requires a spring with 0.11-inch 
deflection in addition to that which 25-inch-pound torque will provide. It is 
important to use a spring to keep tension on the clamp and intimate contact 
with the engine and tailpipe in order to have a high thermal conductivity, 
so as to reduce the differential as much as possible. 

A rectangular section type compression spring, such as is used on 
tooling dies, can be utilized. Dimensions of approximately 7/8-inch maxi- 
mum OD, with 11/32-inch ID, and approximately 1-1/8-inch height are 
preferable (see figure 38). 

The tension yield of type 321 CRES is 30,000 psi, which will be reached 
with only slightly over 100° F differential temperature. The tension load at 
this point will be approximately 3,000 pounds in the clamp. The bolt and 
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LUBRICATION GROOVES 

ADDED MATERIAL FOR MORE 
BEARING SURFACE 

TRUNNION PIN 

-v 

OPENINGS TO 
TRUNNION PIN 

SECTION A-A 

TRUNNION 

COVER OVER 
OPENINGS 

TRUNNION PIN 

TRUNNION 

j 

Figure 35. Main Landing Gear Trunnion and Pin Repair Concept 
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COVER (EXISTING) 

TYP ALL UPPER WING JOINT 

ATTACH POINTS 

DETAIL A 
PRODUCTION BREAK 

(UPPER JOINT SHOWN 

LH SHOWN RH OPPOSITE 

VIEW LOOKING 

DOWN 

PROD. BRK 
FITTING (EXIST) 

COVER ATTACH 

SCREWS 

SECT B- B (EXISTING CONFIG) 

POCKETS SHOWN COLLECT 

MOISTURE 

RECOMMENDED METHOD 

Of SEALING WING PROD 

BREAK 

MYLAR SEAL 

0.003 THICK X 1( IN. WIDE X 62 IN. LONG, 

BOND MYLAR SHEET TO UPPER SURFACE OF 

JOINT WITH 3M ADHESIVE P/N 3^693.  AIR 

FORCE STOCK NO. 80'(O-OO-079-7158 VENDOR 

CODE 76381.  INSTL INSTRUCT:  CENTER 

SEAL BETWEEN EXISTING COVER FASTENERS 

DURING BONDING PROCESS.  REPLACE EXISTING 

SHIMS OVER EDGE OF MYLAR SEAL AND REINSTALL 

COVER AND SCREWS 

SECT C-C 

Figure 36. Inner-to-Outer Wing Joint Rib Repair Concept 
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PROTECTIVE 
PAN 

INSTRU 
SEAT (REF) 

POWER SUPPLY 
RACK (REF) 

ENTRANCE HATCH 
(REF) 

PAN TO BE MADE OF EPOXY IMPREGNATED GLASS FABRIC 

3/32 IN. THICK. SIDES £ BOTTOM TO BE FABRICATED 
IN ONE PIECE 

FLOOR 
(REF) 

SECT A-A 

SUITABLE 
EDGE 
MEMBER 
(TYP) 

SECT B-B 

Figure 37. Typical Bomber Urinal Area Repair Concept 
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2 WIC22-26-60 

WASHER       2  PER 

SPRING   (NEW) 

EXISTING  CLAMP 

COMPONENTS   (REF) 

NEW BOLT        2 REQ'D 

SIMILAR TO AN5C65A 

EXCEPT 6.75 LONG 

5.50 GRIP LENGTH 

MATL:     INCONEL ~ AMS5699 
HT TO 200 KSI 

SPRING RATE - 619 LB/IN. 

DETAIL    A 

Figure 38.    Rectangular Section Spring Clamp Repair Concept 
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fully compfess^d ^ Sh0Uld be designed for this ^ «hen 

7.3.5 
ENGINE ML KOR HINGE FITTING (Refer to paragraph 4.5 for problen,.) 

^r^taS tt/SaÄ ÄS!1 ^ 
experience (see figure 39). e flttlng ^X 

by we^inr^fS1^^ t0.^inforceme^ of the crack prone area would be 
Z with weid mlilThfr ^ eithCr Side 0f the Critical area could be built 
Sress loaL Thill     Crossise':tr

1^al ^ea is sufficient to withstand any stress loads the hinge may feel (see figure 40). 

7.3.6 WING SLAT ACTUATOR DOOR REPAIR CONCEPT 
problem.) (Refer to paragraph 4.6 for 

nroner s^HnTf      ' 0 bring lt mt0 *liSW™t with the jamb for proper seating during retraction (see figure 41). 

It was also recommended that a review be made of the kinematics nf tho 

7.3.7   NACELLE AFT COWL DOOR REPAIR CONCEPT 
problem.) (Refer to paragraph 4.7 for 

for the fomard door, and between frames 13 and 16 for the aft door   ^ Zn 
mtennediate frames, in each case, require removable splice ioi^ts^t al 
mer end and lower edges of each door.    Sections of SÄ H^. 

Z^lZt ^V00'' r' alS0 be made rem0Vable for ^ess Zo ^e upper and lower sections of the duct (see figure 42). P 

the ^tTJ^l^l-^^ 0£ the 0Utb0ard vane attach membe^ to supplement 
toneJS 8 attachment ^ noted. "in P^vent disbonds in thePP 
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DETAIL 

FOR SUGGESTED CASTING 

CHANGES TO BEEF-UP WEAK 

CORNER AREA.     SEE  DETAIL  A 

V. 

ADD 0.08 THK GUSSET 
TO BOTH SIDES OF WEB 

INCREASE R TO 0.15 
NEW GUSSET 

0.25R 
(ADD) BLEND 
AS REQ'D 

DETAIL 

A    INCREASE THIS>LANGE (BOTH SIDES) 
TO .12 THK CONSTANT FOR I 00 
SHOWN 

SECTION B-B 

Figure 39.    ^^ ^ ^ ^ ^ ^^ 
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7-10 

■ OMIIM [WWMHIIIIIIIIIII n 

- iTri t ,.».*» 

'"•^■■J"--"-■'•■'"'■"    ■■ ' -   -——-■■    ■.'^£Z&££^^.*^.'^.'~^~- 



mv^^mwmmm^^^mmmmm^mg^mmmmmi^^m'^mmmmmmKmmmmmm •  ■ ' ' ■ ' — 

i 

IT 

SUGGESTED METHOD 

OF SALVAGING EXISTING 

COWL HINGE BY INCREASING 

CKOSS SECTIONAL AREA USING 

WELD BUILDUP.  (SEE DARKENED 

AREA IN ILLUSTRATION) 

a—fl 
lr\J 

SECTION  B-B 

SECTION  A-A 

(Figure 40. Existing Engine Cowl Hinge Repair Concept 
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^öi k...,.,Mii copy 

\VJiH vn 

OP A.OJ. 

i 

"CoCo^ i3o>- 

CoCo^ Q)o>- 

SEE   DETb.iu    (J 
FOB. WE>W DOOR 
Su.Dfc HJSTL 

fTVPlCkL FOR. 
SLVT ACTUIkTOR 
DOOR k«.SYS 
liTuRu SB) 

TO FUCiaTATE   INBD 
^OUTaO ADJUSTMENT 
oe GuiOe . DOOR.  JkSSV-SLAT tCT.t'CH.TRKCK IA, 

V\EV^   LOOtMMG   ;N&D   B4RfciJ»EL TO 
T^E   IKiMER WlMG SwKT WINGE  LiME 

iC/kuB < MOMS 

-(z) GUOE 
'   ^^707S-T4 AL ALV 

C*.STIN<i 
HARD *.M0O12B 
(TVP POU OPTIONAL 
CONFGURkTtONS) 

OP^QNM. 
SV«»»« 
TOCu«kR 

os 

»e 

FWO 

IP KB<DO  (FOR 
iWfeTL WlTMOUT 

RKMOMAL 

NOT«  & . TWO OR MORS   SU Oll 
BE CMT A» OM. PtK 

INVru. 

F 
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(PCoia ego)- -i—i—i r- 

) ' 

JPCOa Q)0>- 

DS 

VIEW   LOO(MKiG    KJ&D   P^RA-LEL TO 
TK6   |K,NJER WiNQ SU.T WINSE LiME 

D§ 
^EE DETtlt.   5=0«. KiENW 

^Hf      DOOR GUVD* 1MSTL. 
(TVPiC/kU  POR AWL 

/     <T  \^-\     \    SLtkT kCTUkTQR. 
f      I "I-Til      '   OOOR. A,«,yy 

suiDe (see No-re, ^) 

H&RO ANOOIZS 

J 
SS 

- BUND   RVN/tTS 
m mrnato (FüR. 
IWfcTL W1TKOUT 
mm»*. nmt*o*kX. 
m nmmo 

az'C^«1») 

^-'OP »PUCt  IF *FäCE ovcTkTea. 

VIEW |?-D 

^ FVVD 

DETAIL   OL 

NOT*  ^ . TWO OR MOSS   «UiDBS  MkW 
BE CMT  AA CWC PXCCK  TO 

(NkTU. 

Figure 41.    Typical Wing Slat Actuator Door Installation Repair Concept 
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(ADD') ;—- 
POTTED  \HSERT5 (iNP^ 

VAEV^ NUT PUS FöR 
C'SV< SCREWS CTVIrJ^ 

SCRSVJS ^ MUT 

RIVETS^ 

SEE oeau. B 

^>CREW ^ NUT 
PLATE (TVFi) 

CUT EXIST FR/^ME 
(TVP) 

SPl-\CE 

VA>.NES^2 45 (CHG EWD ATT/V.CUKA 
TO SCRtVv^ 4 MUTPUMt^j FOR. , 
TO   A.NV   INTERN^U DOOR DAM^/ 

SECT  ^"Ai 

/ 
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^PUCE 

^.CREW 4 NUT 
PLATE (T^Pj 

CUT EXIST  FRfc.ME 
frvp) 

VAN^ *2 ^UT PLKTt 4 SCRBWS 

ADD 

r(T^ 

2^3 (c   G E.K»D   ^TT^CWMCNTS 
»6.WS $ MirrPt/o^^ FOR. ^ccess 
y   jNTERM^U DOOR. O^M^GE) 

TVP\CM- FRiiME 

DETML 

V\tW LOOhmG OUTBD 
(SUGGESTED METHOD OF A.DDIK^^ 

kCCESÄ P^ELTO  COm.DOOR.) 

PROPOSED 
ACCESS 
DOORS v 

fsEE DET^\U5J 

AFT COWL (RW^ 

Figure 42. Nacelle Aft Cowl Door Repair Concept 
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CWEUTli-IO»!   «*JOI*» »«O   TO  CWÄ1 

I   18 @ 
fÜ€l   CtLL VO.S J'. 
SJBtlC«    ÜJT,, 
14HK,S    NO. «,V46i • et-isvi PEA wit-*-*0^*- 

n 11 -o»s riot« 

i -on FIXOK 

i -on ROC«. 

• -Ort> noa*. 

i -OlS auHTOKtuwr 

■ -oo» FLOCK» 

< -001 MMKKXUnlT 

< -oo» nuMuaiiNM 

i -oo» FIOCW. 

— M ^ 
te £ P» -KkT-A "5f^s?^: 

Figure 43.    Fuselage Fuel Cell Liner Skins Rfi 
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Figure 43.    Fuselage Fuel Cell Liner Skins Repair Concept 
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7.3.8 FUSEUGE FUEL CELL LINER SKINS REPAIR CONCEPT (Refer to paragraph 4.8 

for problem.) 

Kelvar a woven fabric material produced by DuPont, can be bonded to the 
fuel cell kins for crack prevention. This approach would involve Pa clung 
\f th/t Si.t iLsin. standard localized patching methods contained in 

l^nXT^u^,  ^bonding a Kelvar liner to act as a load-carrying 

member between frames (see figure 43). 

7.4 BATTLE DAMAGE REPAIR 

7.4.1 INTRODUCTION 

Battle damage repairs are designed for repair of aircraft being operated 
under combat conditions. Repairs must be simplified to the maximum extent 
"ofslb f 1 a wide nuige of material and fastener substitutions must b 
provided All skin repairs should be outside the mold line, ^t ^ they 
are ionf ush to the maJdmum possible. Material requirements ^ould be to the 
Sest strength possible, thus providing a wide range of stronger substitute 
lowest streng  p     '   selected should be those in common use, and 

re;an^heRe?SLt-^te^gSth fastener (within practical limits), to provide 

the widest possible range of fastener substitution. 

Nonflush repairs should be blended or faired with the skin by chamfering 

or with aewdynamic filler (see figure 44). 

REPAIR DOUBLER 
FASTENER EDGE 
DUTANCfit 

SKIN (REF) 

^ OF FASTENER 

WHEN I IS 0.010 INCH OR LESS, CHAMFER 
RlSuR DOUBLER SO DEO ON ALL SIDES. 

AERODYNAMIC FILLER ^ 

7      |t-4TOIXt-4 t 
SKIN REPAIR DOUBLER 

WHEN t B GREATER «AN 0 OTOINCH. 
BLEND ALL 8100 OF JOTWR DOUBL1R 
WITH SIDM. OBMO ABBODWAIBC fltLW 

Figure 44. Blending Nonflush Repairs 

-...ifa...,.,^..-.- ,.,.^:.^:*u.,^^ 
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7.4.2    BATTLE DAMAGE REPAIR EXAMPLES 

use in"^^^^5 ^ ^ e^leS of ^tle d^age repairs for 

7-4-2-1   Scab Patch - Wet Winf* Ar** 

7-4-2-2   -N^tructural P1„g patdl , „„ ^ ^ 

see 4™™^ PlU8 PatCheS f0r milM ski"3 - a wet wing area. 

:'-4-2-3   S^ Patch - Between rntegr3i Strtogerg 

figure 48. ^izer, and wing diy bay area is shown in 

7'4'2-4   ScgLPatch^ Across Qiie InteRrfli ^^^ 

figure 49. ^i.er. and wing dry bay area, is shown in 

7-4'2-5   ^-2itäLLjcros^io integral stringers 

horizontÄ ^nÄ^li^ Äin^r T ^^ Strin^S f- figure SO. Winzer, and wing dry bay area, is shown in 
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Figure 46.    Scab Patch Installation for Wet Wing Area 

7-22 

■ 

'■'-■' -'--^ ■■ iri-iiii'iiiillili^lMililii . ... .. 

• 

-   ■--■■-       ■ . ^ —■■■* 

f :■* >i. <> 



*^m~mmm •     ' " ■ MMMM^ '^mmmmmm^^^^m^m 

SCREWS - 
NO. 10,  FLUSH - OR 
PROTRUDING-HEAD 

COVER 

DAMAGED SKIN 

FILLER-LOCATOR 

DOUBLER STRAP 

^r^: 

SCREWS - 
NO 10,  FLUSH- OR 
PROTRUDING-HEAD    • 

COVER 

DAMAGED SKIN 

FILL VOID AND ALL PAYING 
SURFACES WITH SPEC MIL-S-8802. 
CLASS B 1/2. SEALANT. (CLASS 
B2 OR B4 MAY BE SUBSTITUTED, 
BUT CURE TIME WILL DOUBLE.) 

SHIM 

FILLER-LOCATOR 

COVER 

DAMAGED SKIN 

I JV. 
T 

DOUBLER STRAP 

SHIMMED DOUBLER STRAP 

FILLER-LOCATOR 

DOUBLER STRAP 

FILL VOID AND ALL FAYING SURFACES 
WITH SPEC MIL-S-8802. CLASS B 1/2. SEALANT 
(CLASS B2 OR B4 MAY BE SUBSTITUTED, 
BUT CURE TIME WILL DOUBLE.) 

=^  

zT 

FORMED DOUBLER STRAP 

COVER 

Figure 47. Nonstructural Plug Patches - Wet Wing Area 
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SPANWISE • 

135 DEC FASTENER ZONE 
DIVIDING LINE (TYP) 

INTEGRAL STRINGER 
(TYP) 

CHORD WISE 

LEGEND 
0 - FASTENER DIA 

DAMAGED SKIN 

REPAIR DOUBLER 

DAMAGED SKIN 

RIB (TYP) 

EXISTING FASTENER (TYP) 

TRIMMED-OUT 
DAMAGE 

SHf".NC FASTENER (TYP)   DO 
NOT PICK UP IN REPAIR 

XD(TYP) 

X D MIN AND MAX (TYP 
ALL PLACES) 

INTEGRAL 
STRINGER 

TR1MMED-OUT 
DAMAGE 

In example I, a 1-1/2 inch trimmed-out chonlwi« dam«. 
(L) ■. awumed adjacen. to. and outhoärtTÄntT ■(abiiizer station S8.16. """"i. Horizontal 

1 Repair doubter i« 0. 375 7075.T6 bare (next stands 
gage above 0.301) «tandard 

2 c^l0'3^ FMU!ne" WW ••lected for repair of 

oi i-i/z inches is 4.125 or five faat*n>pa .<»k »L _. wise side of damage 'Mteners each chord- 
3 NAS1670-3K or NAS1670-4K Fasteners could be used 

Non 
When trimmed-out damage is such that the reauired 

Mgu« 48.    scab Patch for Damage Bet«e„ Integral Stringers 

7-24 

...^......^^^^^^^^^^(^^u,.^.,^.^.'...^^ 

- ,-  • 

liiliilüliiil    mmi 111' ■„■i^-1 ^^" '^ ■ ti^tsi ^^j^^j^ddjim-j imäi 



l!^IBPipW«Hi,-W«uUit,..- J,-,,l«!JiJJ,,iii''W«ill>li''»iiJI»l(H+lllJ,i l.WUJ..iJiWW|((Ji™»WWH*«MJWl!J)IJIl»ll«|lll  I,!H,I...,I,..I.|I!L.,II1U!I   

INTEGRAL STRINGER 

RIB (TYP) 

REPAIR BAR FASTENER - NAS I670-08K 
2 REQD EA SIDE OF DAMAGE. 

FASTENER THRU REPAIR 
DOUBLER, SHIM, AND 
REPAIR BAR.   (SEE 

REPAIR POST 
FASTENER. (SEE 
CODE 9-) 

CHAMFER 
3/16 X 3/16 

SKIN 

INTEGRAL STRINGER 

4 OF FASTENER 
AT RIB STA 

3/4 (MIN) 

1-1/2 X D (MIN) 

REPAIR B.\R • 2024-T4. 
DEPTH OF BAR TO EQUAL 
THAT OF iNTEGRAL 
STRINGER. 

REPAIR BAR   (REPLACES 
DAMAGED STRINGER .) 

REPAIR POST - 2024-T4 ALUMINUM 
BAR 3/4 DIA OR SQUARE 

SHIM - 2024-T42 - THICKNESS 
TO MATCH SKIN 

SECTION A-A 

IN EXAMPLE, A REPAIR BAR IS REQUIRED 
TO REPLACE REMOVED STRINGER.  TWO FASTENERS 

ARE REQUIRED THROUGH SKIN AND REPAIR BAR 

EACH SIDE OF DAMAGE,  WHERE RIB IS TRIMMED 
OUT TO ACCOMMODATE REPAIR BAR, A REPAIR POST 

IS REQUIRED.  THE FASTENER THROUGH THE REPAIR 

POST IS COUNTED AS A REPAIR BAR FASTENER. 

FASTENER REQUIREMENTS FOR L AND S ARE FOUND 

AS DESCRIBED IN FIGURE 48.  FASTENERS THROUGH 

REPAIR DOUBLER, SKIN, AND REPAIR BAR ARE 

COUNTED IN REQUIREMENTS FOR L. 

HEGEND 

D - FASTENER DIAMETER 

® - AN509 BOLT WITH 

MS20365 NUT 

•f - REPAIR DOUBLER 

FASTENERS. 

(0 - FASTENERS TO MATCH 

THOSE USED IN SPAN- 

WISE SIDE (L) OF 

REPAIR.  SPACING 
IS 4 X D MIN, 

8 X D Max. 

Figure 49. Scab Patch for Damage Across One Integral Stringer 
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REPAIR BAR ASSEMBLY 
FASTENER (TYP) - SEE CODE ® 

FASTENER ADDED TO 
COMPLETE PATTERN 

RIB 

UPPER SKIN 

CHAMFER 
3/16 X 3/16 
(TYP) 

4 X D MIN AND MAX |*-M /    7^-4 x D 1 

A t-iT^Wx  
■ — (I {~, x 

+ — * 
- - -M ^VJ r- 

X D MIN AND MAX 

r ---ii 1 -_  

REPAIR BAR 
(TYP) 

TRIMMED- 
OUT RIB 

EXISTING FASTENER • 
DO NOT PICK UP IN 
REPAIR. 

EXISTING FASTENER 
LOCATION - BOLT 
DOES NOT PICK UP 
REPAIR DOUBLER. 
(SEE SECTION B-B.) 

LOWER SKIN 

REPAIR POST(TYP) 

Note that in this repair example repair post (asieners do 
not go through repair doubter (to racililate installation of 
internal repair members) and are not counted in repair 
doubter fastener requirements.   An assembly fastener 
(Ä) la required at one end of each repair bar for final re- 
pair fabrication and assembly.   This fastener is not count- 
ed in repair requirements. 

TRIMMED-OUT RIB 

INSTALL TAPERED WASHER. 

REPAIR POST FASTENER 
(TYP) 

LEGEND 

D  - Fastener diameter 

A - MS20426AD3 or any  small 
flush-head rivet 

flfc . AN509 Bolt with MS20365 Nut 

A - Fasteners to match those 
used in spanwise side (Lj) 
of repair.   Spacing is 4 x D 
min, 8 x D max. 

SECTION B-B 

^'•—'■" "--—JM-J^"-^....-.-.    >-.  

Figure 50. Scab Patch Acrrss Two Integral Stringers 
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8.0   REFERENCES 

8.1      MILITARY SPECIFICATIONS 

MIL-A-8625, Anodic Coatings, for Aluminum and Aluminum Alloys 

MIL-A-46106, Adhesive Sealants, Silicone, RTV, General Purpose 

MIL-A-46146, Adhesive Sealants, Silicone, RTV, Noncorrosive 
(For use With Sensitive Metals and Equipment) 

MIL-A-83377, adhesive Bonding for Aerospace Systems, 
Guidelines  for 

il 

MIL-C-7438, Core Materials, Aluminum for Sandwich 

MIL-C-8837, Coatings, Cadmium (Vacuum-Deposited) 

MIL-C-27725, Coatings, Corrosion Preventive for Aircraft 
Integral Fuel Tanks 

MIL-C-81706, Chemical Conversion Materials for Coating 
Aluminum and Aluminum Alloys 

MIL-C-83231, Coatings, Polyurethane Rain Erosion Resistant 
for Exterior Aircraft and Missile Plastic Parts 

MIL-C-83286, Coating, Urethane, Aliphatic,  Isocyanate, for 
Aerospace Applications 

MIL-C-83445, Coating Systems Polyurethane Nonyellowing, 
White, Rain Erosion Resistant, Thermally Reflective 

MIL-C-83982, Compound, Sealing, Fluid, Resistant 

MIL-F-7179, Finishes and Coatings, Protection of Aerospace 
Weapons Systems, Structures and Parts, General Specification 
for 

MIL-F-18264, Finishes: Organic, Aircraft Application and 
Control of 

MIL-M-25047, Marking and Exterior Finish Colors for Airplane, 
Airplane Parts and Missiles (Ballistic Missiles Excluded) 
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MIL-M-45202. Magnesium Alloys. Anodic Tresmnt of 

MIL.M-46080, Ma^esi« Castings, Process tor Anodic Cleaning 

and Surface Sealing of 

MIL-P-23377, Pri^r Coating, Epoxy-Polyamde. Chemical and 

Solvent Resistant 

MIL-S-5002, Surface Treatments and Inorganic Coatings for 
Metal Surfaces of Weapons Systems 

MIL.S.8784. sealing Co^d «umin«^^/^? ^ 
Fuel Cells, Cavities, Low Adhesion, Accelerator     q 

ML-S-8802, Sealing Co^»a   Ten,eraturetesistant, Integral 
Fuel Tanks and Fuel Cell Cavities, High Adhesion 

MIL-S-38249, Sealing Comiound, Firewall 

Ma-S-8m3. Sealing and Coating Co^o^d, Corrosion Inhlbltlve 

8.2      FFDF.RAL STANDARDS 

FED-STD-151, Metal Test Methods 

8.3     MTlTTARY STANDARDS 

MiL-STD-889, Dissimilar Metals 

MIL-STD-1500. Cadmium-Titanium Plating, Lo. Enfcrittlement. 

Electro-Desposition 

•  1. o«^ Processes for Corrosion Prevention MIL-STD-1568, Materials and Processes io 
Control in Aerospace Weapons Systems 

8.4      MD poROE REGULATIONS. 

AFR-173-10, O.st Analysis - USAF Cost and Planning Factors 

8i5     m pnprR SYSTEM gtom HANDBOOK 

AFSC DH 2-1, Airframe Design Handbook 
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8.6      U.  S.  ARMY AIR NDBILITY 
REPORTS 

RESEARQj AND DEVELOBENT LABORATORY 

USAAMRDL-TR-71-41A. Survivability Design Guide lor U.  S. Army 
Aircraft, Volume I, Small Arms Ballistic Protection 

8.7      TECHNICAL ORDERS 

1'.  O.-1-lA-l,  General Manual for Structural Repair 
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?- 
l:xtc"ior'  Jn-^ignia and Markings Applicable to 

USAF Aircraft 

T.  0.   1F-100D-3DB,  F-100D 5 F Structural Repair Gombat Zone 

8-8      NATIONAI. AKRONAUTICS AND SPAGF ADMINISTRATION REPORTS 

NASA-GR-ZSW.  the Detection of Fatigue Gracks by Nondestructive 
Testing Methods 
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