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1. INTRODUCTION., This advisory circular provides maintenance information
which can be used, but is not required to be used, by mechanics, repair
agencies, owners, and operators in developing maintenance programs, making
improvements in existing programs, and conducting inspection and repairs
‘on certailn structural parts of Boeing B-727 airplanes. The material is
based, in part, upon information made available through discussions with
personnel who have maintained these types of airplanes for thousands of
hours of time in service. The intent of the circular is to impart some
of this knowledge to other interested persons. Appendices 1, 2, 3 and 4
provide a technical digest of material on corrosion, fatigue failures,
nondestructive testing and station charts, respectively.

2. DESCRIPTION. This circular containg guidance material for performing
maintenance on wing, fuselage, and empennage structure. The information
has been derived from service experience, It does not comprise a full
and complete maintenance program for the subject aircraft, but should be
considered as supplemental maintenance data. Included in the circular is
a listing of selected maintenance difficulties which have been reported
since 1966 by air carrier operators.

3. BACKGROUND.

* a. Used Aircraft. The Administrator realizes that several different
types of transport aircraft are being phased out of service by some
airlines and are being purchased by other operators who may not be *
familiar with the scope of required maintenance and the means which
have been used to keep the aircraft in a safe condition.

b. Maintenance '"Know How." Since maintenance 'know how'" is not trans-
ferred with the aircraft, the new operator generally goes through a
learning cycle before he is able to rapidly pinpoint the important/
critical problem areas of the aircraft., In this respect, identifi-
cation of known areas where structural problems have been experienced
will help in the preparation of an initial maintenance program by a
new operator. It also can serve as a guide toc other operators who
have not accumulated sufficient service experience to have knowledge
of all the problem areas of the aircraft.

4, GENERAL DISCUSSION OF STRUCTURE SURVEILLANCE,

a. Manufacturer's Service Bulletins. The manufacturer has published
service bulletins containing its recommendations concerning the in-
spection, repair, and modification of aircraft. Most of these
bulletins cover known areas; however, some are predictive in nature
and have been issued even though no fatigue damage has been identified
in the fleet. Because of differences in structural configuration,
most service bulletins apply only to certain aircraft. Effectivity
ig shown in each bulletin. Additional bulletins may be published by
the manufacturer, and a service bulletin index is available from the
manufacturer which is updated periodically.

Par 1 Page 1
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b.

Page 2

Other Documentation. Further, the manufacturer has published the
following documents to aid in maintaining the aircraft in serviceable
condition:

Maintenance Planning Document (D6-8766)

Maintenance Manual, (D6-Series, different for each operator)
Overhaul Manual, (D6-4420)

Structural Repair Manual (D6-4062)

NDT Document (D6-7170) *

These documents are updated from time to time by the manufacturer,

Structural Item Interim Advisories are published by the manufacturer
to notify operators of newly found problems which may be of fleetwide
significance and may or may not be followed by service bulletins,

Maintenance Action. For adequate maintenance of the B-727 structure,
every operator should have in his possession and be conversant with
the above documentation, including service bulletins applicable to
his particular aircraft. He should also obtain complete service
records from previous owners and become familliar with the structural
history of his aircraft, including information on maintenance proce-
dures followed, major repairs made, and preventive modifications and/
or repair work incorporated per service bulletins. This is essential
to carry out the followup procedures required, and to avoid unneces-
sary work where corrective action has already been taken.

(1) The new operator should contact the manufacturer regarding any
areas requiring clarification.

(2) The operator should keep himself informed of new developments
and arrange to be supplied with revised and new documentation
by the manufacturer. Consultation with the manufacturer and/or
more experienced operators should take place from time to time
as necessary, to establish which service bulletins have structural
significance and when they would best be incorporated.

(3) The maintenance program established by the new operator should
reflect changes in environment and usage of the aircraft (e.g.,
shorter flights, intermittent use, etc.).

Airworthiness Directives. It is emphasized that the material in this
circular does not supersede any of the requirements of airworthiness
directives issued under Part 39 of the Federal Aviation Regulations,

Certification, Type certificate No., A3WE was issued to The Boeing
Company, Renton, Washington, on 24 December 1963, The basis for
certification was CAR 4b (dated December 1953)., The type certificate
data sheet No. AQWE prescribes conditions and limitations for which
the type certificate was issued. The latest revision of the type
certificate data sheet, at the time this document was published, was
revision No, 10 (dated 1 September 1972). *

Par &
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TYPE OF CONSTRUCTION. The ailrcraft structure is comprised of three major
sections: the fuselage, the wing, and the empennage. The structure is
designed to provide maximum strength with minimum weight by providing
alternate load paths sco that a failure of one segment will not result in
failure of the complete structural component. The materials most
commonly used throughout the structure are aluminum, steel, and mesgnesium
alloys. In secondary structural areas and many flight control surfaces,
aluminum and fiberglas honeycomb core materiasl is extensively used.

a. The fuselage is a semlmonocogue structure with the skin reinforced by
circumferential frames and longitudinal stringers. It is composed
of four sections of which the forward three sections contain passen-
ger, crew, and cargo compartments and extend from body station 178
to body station 1183, The fourth section (aft) provides support for
the engines and empennage. Except for the nose gear wheel well and
the cutout which accommodates the center wing box and main landing
gear wells, the entire shell between body stations 178 and 1183 is
pressurized. The frames at body stations T40 and 870 incorporate
the points at which the fuselage is attached to the wing front and
rear Spars.

b, The wing structure consists of a left and right wing box and a center
wing box. The left and right wing boxes are cantilevered from the
center wing box and the thickness and chord of each wing tapers
towards the tip and sweeps back from the center wing box. The sur-
faces consist of upper and lower skin panels and front and rear
spars. The skin 1s reinforced by spanwise stringers and the spars
are reinforced by vertical stiffeners.

{1) The left and right wing boxes are reinforced by chordwise ribs
with the greater portion of their enclosed volume sealed to
serve as fuel tanks. They extend from the wing root ribs at
WBL T0.5 to the tank end rib at station 760.5. The center wing
box is reilnforced by a pair of spanwise beams and contains a
series of bladder-type fuel cells.

(2) The leading edge of each wing supports three flaps and four
slats, The trailing edge of each wing supports an inboard and
outboard flap, an inboard and outboard aileron, and seven
spollers.

c. The empennage consists of a vertical fin, adjustable horizontal
stabilizer, two elevators and two rudders. The vertical fin struc-
ture is a three-spar box with longitudinal stringers to reinforce
the skin. The box is reinforced by chordwise ribs.

(1) The horizontal stabilizer is installed across the top of the
vertical fin and coneists of a complete dual box structure from
left to right tip.

Page 3
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(2) The rudders and elevators are dual spar structures with ribs and
bonded skin panels, Each rudder has a full length antibalance
tab constructed of aluminum or fiberglass honeycomb. Each
elevator has a control tab and five balance panels are hinged
to the nose of each elevator,

ATRCRAFT STATICON DIAGRAMS. The wing, fuselage, and empennage station
diagrams included in this document were developed for the B-T27 mircraft
and are used as a general reference only. Seversl medels of these air-
craft were manufactured and have different station locator numbers based
on the particular configuration. Since the defective areas generally
apply to all models of aircraft, the referenced area can be compared with
a similar area and locator on the appropriaste station diagram for the
particular model aircraft.

ABBREVIATIONS USED IN THIS DOCUMENT .

FAR Federal Aviation Regulation
1/B Inboard

L/H Left Hand

MIG Main Ianding Gear
NIG Nose Landing Gear
0/B Outboard

P/N Part Number

R/H Right Hand

TAT Total Aircraft Time
TEN Time Since New

TS0 Time Since Overhaul

MAINTENANCE REPORTS. The following is a listing of selected maintenance

difficulties experienced, representing examples of reports submitted by
air carrier operators. This information may be useful in identifying
structural problem areas. It should be noted that this 1s a partial list
and covers only a portion of time in the history of the B-T27 series
aircraft.

a. Tuselage.

(1) A 4" crack was found in fuselage frame at station 783.95 on the
R/H side below the cabin floor. TAT 14,255 hours.

(2) The NIG drag strut support shelf was found to have cracks in the
L & R tangs. TAT 14,255 hours.

(3) The aft pressure bulkhead left vertical beam was found cracked
at the upper lightening hole. TAT 14,255 hours.

(4) During main base check, the tail skid door link lower attach
fitting was found to be cracked, fitting P/N 65-59727-6.
TAT 14,882 hours.,

Page b Par 5
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(5)

(6)

()

(8)

(9)

(10)

(11)

(12)

(13)

(1k)

(15)
(16)

(1)

(18)
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A 1" crack was found in the aft lower corner of the NLG drag
brace support beam. TAT 14,056 hours.

Corrosion was found at the skin lap at station 665 stringer 28L.
TAT 14,056 hours.,

A 10" crack was found in the upper verticel "I" beam on the L/H
side of the aft entry door. TAT 8,998 hours.

An unscheduled landing was made due to #5 L/H eyebrow window
inner panel cracking during cruise, window P/N 5-T176-13.
TAT 13,480 hours.

buring eddy current Inspections, cracks were detected on the

L & R sides of the bulkhead flanges at station TLO. The cracks
were between stringers 18 & 19 and 19 & 20, TAT on the several
alrcraft concerned ranged from 8,641 hours to 15,4LLL hours.

During main base inspections, stringers 20 & 21 L & R and 22R
at station 294%.5 and stringer 20R at station 360 were found
cracked. TAT 1k,786 hours to 15,610 hours.

Routine inspection disclosed & 2" crack in station 930 L/H
fuselage frame and stringer 184, also cracked skin at station
o940, TAT 17,270 hours.

The upper left fuselage skin lep was found bulged at station 900
and the skin split at stations 990 & 1030 due to corrosion. *
TAT 17,482 hours,

Routine scheduled inspection disclosed cracks in the cabin floor
beam at station 910. TAT 15,256 hours,

During scheduled inspection, the forward hinge mount bracket on
the forward cargo door was found broken and pulled out of the
structure, TAT 6,150 hours.

Extreme corrosion was found on main cabin seat track assemblies
#3, 5, 6, and T between statlons 420 and 720. TAT 8,026 hours.

The fuselage frames at both hinge cutouts for the aft cargo door
were found cracked. TAT 13,090 hours.

During modification, the following damaged fuselage frames were
replaced: stations 480, 500, 520, 540, 560, 380, 600, 600F,
600G, 600H, and 600J, Also replaced damaged skin panel station
420 to F. S, Bulkhead, TAT 30,380 hours,

Fuselage frame station 880 found cracked at stringers #15 L & R.
TAT 14,786 hours.

Page 5
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(19) The bulkhead at station 1183 was found to have a 13" crack on
the L/H side and a 2" and 4" crack on the R/H side. TAT 15,852

hours.

(20) During main base check, a crack was found in fuselage frame at
station 1203 upper R/H torgue box. TAT 1k,639 hours.

(21) A 20" tear in the ram air inlet between stations 660 and 680 was
found and determined to be a result of excessive corrosion
between the ekin and strap. TAT 15,450 hours.

(22) Extensive corrosion was found below the floor of the forward
cargo compartment from station 480 to T20.

(23} Ultrasonic inspection disclosed severe corrosion along the sides
of the ram air splitter vein and around the ram air door actua-
tor rod holes and a 16" crack underneath the splitter vein from
station 642 to 658. TAT 15,678 hours,

(24) The NIG collar forward segment was found cracked and the report-
ing operator attributed the crack to corrosion between the
feying surfaces of the collar and bushing. TSN 6,234 hours.

* (25) A 12" crack was found in #1 pylon fitting, P/N 65-18722-3,
TAT 4,259 hours.
b. Wing.
(1) During & main base check, the upper #10 left wing stringer at
station 656 was found crecked. TAT 14,536 hours.
* (2) The R/H MLG trunnion support beam, P/N 65-16230-4 (7079-T6 MTL) %

has been found cracked. TAT 14877 hours.

(3) During scheduled inspection, the L/H flap O/B carriage support
was found broken, P/N 69-39601-1, TAT 14,876 hours.

(4} Routine inspections disclosed six broken lobes on the R/H I/B
alleron balance panel forward hinge at a TAT of 14,056 hours and
ten broken lobes at a TAT of 15,400 hours. Nineteen forward
hinge lobes were found broken on the L/H 0/B aileron 0/B panel
at a TAT of 16,748 hours. ‘

(5) A main base inspection disclosed the R/H wing rib at station
686.5 cracked at the top at stringers #12 and 13 and at the
bottom at stringer #6. The rib at station 629 was also cracked
at the top at stringer #l4. The top stringer #8c station 601
and top stringer #9c at station 686.5 were also cracked. TAT
15,270 hours.
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(6)

(7)

(8)

(9)

(10)

(11)

(12)

(13)

(14)

(15)

(16)

(17)

(18)

19
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The 0/B aileron lockout support assembly was found broken at
station 661.25 on the R/H wing. TAT 6,577 hours,

During inspection, corrosion was found at the R/H wing station
422 front spar lower cap., TSO 10,659 hours.

A cracked R/H MLG trunnion forward support wing attach fitting
was found during scheduled maintensnce check, fitting P/N
69-19296-2, TAT 14,794 hours.,

Routine service check disclosed the L/H wing O/B leading edge
mid-flap interspar rib cracked in two places at WBL 319.
TAT 11,647 hours.

Routine inspection disclosed two cracks in the R/H aileron 0/B
control rod, P/N 65-23544-1., TAT 6,80L4 hours. Similar cracks
have also been found in the L/H aileron control rod.

A 2 3/L" crack was found in support P/N 65-216L40-1 at station
388, L/H I/B flep Jjackscrew forward attachment. TAT 6,849 hours.

Scheduled inspection disclosed heavy corrosion on R/H wing rear
spar lower chord at station 601.5. TAT 20,030 hours.

Ultrasonlc inspection disclosed & cracked MIG beam lower left
support link pin, P/N 69-14908 at body station 940. The crack
was three-fourths way around the circumference of the link pin,
TAT 16,604 hours.

On scheduled inspection, found #2, #13 and {14 outboard spoiler
actuator support fitting cracked, TAT 13,151 hours.

Routine inspection revealed an 8=inch crack in radius of
upper spar cap at station 720 right wing, TAT 14,452 hours.

During inspection found L/H inboard flap drive gear box
cracked at three mounting lugs, TAT 15,517 hours,

Found right inboard flap inboard track cracked at mount bolt
hole for landing gear support beam,

During inspection found corrosion at R/H W, S, 422 front
spar lower cap, vertical tang, TSO 10,659 hours.

No, 7 spoiler actuator rod end falled and rod penetrated
flight spoiler, TAT 20,069 hours,

Page 7
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Empennage.

(1)

(2)

3)

4)

(5)

(6)

@)

(8)

(93

(10)

(11)

(12)

(13)

Forward hinge lobes on the R/H elevator #l balance panel were
broken. TAT 14,255 hours,

During overhaul, a crack was found in the center section rear
gpar forging of the R/H horizontal stabilizer. TAT 14,113 %*
hours,

The L/H inner flange of the vertical fin stiffener #9 at
station 133.8 was found cracked. TAT 10,658 hours.

The #3 and #5 L/H elevator balance panels forward hinge lobes
were found broken. Number 3 panel had 29 broken and #5 panel
had six broken. TAT 14,056 hours.

A 2%" crack was found in the L/H elevator hinge support at the
0/B end of #3 balance panel, TAT 14,056 hours.

A 4" crack in the lower skin panel and a crack in the stiffener
were found at station 114 R/H elevator. TAT 14,056 hours.

During routine inspection, the trailing edge rib at station
136.5 R/H horizontal stabilizer was found cracked. TAT 9,244
hours, Cracked trailing edge ribs were also found in the

L and R horizontal stabilizer at station 114,97 at a TAT of
5,274 hours.

A 10" crack was detected in the lower L/H elevator skin at the
skin st the O0/B end of the elevator tab. TAT 5,881 hours. A
2" erack was also found in the R/H elevator lower skin at 0/B
end of the tab, TAT 5,563 hours.

A crack was found in the front spar web of the vertical fin aft
of station 1183, TAT 15,256 hours.

Scheduled inspection disclosed a cracked and broken stringer
in the vertical fin R/H side at approximately station 160,
TAT 2,159 hours.

Routine inspection disclosed a 1" crack in the R/H horizontal
stabilizer rear lower spar vertical leg at station 200. TAT
15,800 hours.,

A 1" crack was found in the vertical leg of the R/H horizontal
stabilizer lower spar cap at station 135, TAT 15,828 hours,

During scheduled inspection, cracks were found in two elevator

hinge support brackets, P/N 65-16931-1 at stations 99.79 and
136.5.
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(14)

(15)

(16)

(17)

(18)
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Routine inspection disclosed a 2" crack in elevator hat section
skin at station 173,21 and a 3" segment missing at station
99.79. TAT 7,628 hours.

The upper rudder hinge fitting was found cracked at the lower
lug, fitting P/N 65-23337-1, TAT 11,647 hours,

The upper rudder tab actuating fitting was found cracked,

P/N 65-6244-2, TAT 16,145 hours, On another aircraft, the
lower rudder tab rod attach bracket was cracked, P/N 65-17483-7.
TAT 6,361,

Three cracks in the O/B panel of the R/H horizontal stabilizer
spar and one crack in the I/B panel of the L/H horizontal
stabilizer spar were found during routine inspection., TAT
6,706 hours,

The L/H horizontal stabilizer spar flange was found cracked
at station 208, TAT 8,816 hours.

Landing Gear.

(1)

(2)

(3)

Inspection found #3 MLG wheel inner half broken. The inner
bearing and hub were separated from the wheel half. TSN 3,925

hours,

When lowering landing gear during approach, crew heard loud
bang. Inspection after landing revealed the R/H landing gear
retract cylinder and walking beam protruding through top of
wing. Operator reported probable cause as failure of beam,
P/N 65-17658-11, TAT 17,249 hours. Service Bulletin 32-167
describes installation of new steel beam.

During scheduled inspection, the L/H MLG walking beam was found

to be cracked at the O/B aft attach lug, P/N 65-17658-11.

TAT 9,891 hours. Service Bulletin 32-167 describes installation
of new steel beam, *

Page 9
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Figure 1. Prinecipal Dimensions
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Appendix 3

APPENDIX 3, NONDESTRUCTIVE TESTING

MAINTENANCE TOOL. Simply stated, nondestructive testing (NDT) is a tool
for performing maintenance inspection. This includes utilization of

such maintenance tools as X-ray, ultrasonic, magnetic particles, eddy
current, dye penetrant, and visual with or without magnification, *

a. Maintenance Inspection. NDT permits maintenance inspection without
removing components from aircraft or tearing down complex assemblies.
Defects in various alrcraft systems which would escape detection
through normal visual inspection will be identified by NDT.

b, Training Reguired. Special NDT training is desirable to make sure
that the technician is capable of operating the equipment and inter-
preting the results., Also, many States require that an X-ray
technician have an approved certificate for use of X-ray in industrial
applications, This is to minimize improper use of X-ray equipment
with attendant health hazard.

METHODS AND APPROACHES FOR DAMAGE DETECTION, Information on the applica-
tion of NDT methods for the detection of fatigue damage is scattered
through literature on metal fatigue and literature on NDT. Few publica-
tions deal with this problem specifically. Some publications are limited
to laboratory investigations, and the NDT application is conducted under
controlled laboratory conditions., Such investigations contribute
considerably to available knowledge and provide new or improved NDT
methods for field use. However, there 1s a great difference between

what can be done in the laboratory and what can be used in practical
applications under field service conditions.

NDT METHOD IN FIELD AND SERVICE USE, Most of the NDT methods that are
used under field and service conditions are those capable of detecting
fatigue cracks of various sizes. These methods are described in books
on the subject of nondestructive testing and other publications such as
reports, technical papers, and magazine articles, The NDT methods most
commonly used in the field and service for fatigue crack detection follow.

VISUAL INSPECTION, Visual inspection is the oldest, simplest, cheapest,
and most widely used of all NDT methods. The basic principal used in
visual inspection is to illuminate the object and examine the surface
with the eye.

a. The surface should be adequately cleaned before being inspected.
Visual inspection for detection of fatigue cracks can be improved
by aids such as mirrors, lenses, microscopes, periscopes, and
telescopes. These devices compensate for limitations of the human
eye., Boroscopes permit direct visual inspection of the iInterior of
hollow tubes, chambers, and other internal surfaces.

Par 1 Page 1
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b, The capability of visual inspection to detect a fatigue crack depends
on many factors such as the size and location of the crack, the illum-
ination used, optical aids employed, and skill of the inspector. It
is often difficult to detect even a relatively large fatigue crack
that 1s located, for example, at the corner of a groove or that coin-
cides with a machining mark. There are, of course, alsc limltations
on the size of cracks that can be detected by visual inspection,
depending on optlical alds employed.

5. LIQUID PENETRANT., The liquid penetrant is one of the oldest methods of
nondestructive testing and is capable of detecting cracks that may be
impossible to find with the most careful visual inspection because either
they are too small or because they are difficult to detect due to their
location. The princliple involves applying to the part surface s liquid
penetrant having s low-surface tension and low viscosity. When used on
& clean surface that the liquid willl wet, the liquid is drawn into the
cracks by capillary action, The presence of the liquid in the cracks is
revealed when, after wiping the excess liquid from the surface, a devel-
oper is applied that acts like a blotter and draws the liquid out,

a. There are tuo types of liguid penetrante in general use. One contains
8 dye which usually gives a good color contrast against the selected
developer; the other contains dissolved fluorescent material, which
makes it readily visible when viewed under a "black" (ultraviolet)
light,

b. Liguid penetrant inspection is inexpensive and readily applicable to
field use. The surface must be cleaned before inspection and also
afterwvards to remove the developer,

6. MAGNETIC METHODS. Magnetic inspections are used to detect surface or
near surface discontinulties in ferromagnetic materials, and they are
well sulted for the detection of fatigue cracks.

a. The principle employed here is that once a magnetlc field 1s induced
in a materiasl, any cracks and flaws that are present, will perturb
or distort that magnetic field. These methods are most sensitive
vhen the crack orientation and the magnetic field direction are per-
pendicular to each other. When they are parallel, the crack will not
be detected.

b. The magnetic particle method is the most frequently used. It consists
of three basic steps:

(1) Establishment of the magnetic field in the part to be inepected.
(2) Application of magnetic particles to the surfaces of the part.

(3) Visual examination of the surfaces for indications of fatlgue
cracks. These indlcatlions are provided by the particles being

Page 2 Par 4
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INTRODUCTION. This advisory circular provides maintenance information

which can be used, but is not required to be used, by mechanics, repair
agencies, owners, and operators in developing maintenance programs,
making improvements in existing programs, and conducting inspection and
repairs on certain structural parts of Boeing B-727 airplanes. The
material is based, in part, upon information made available through
discusasions with personnel who have maintained these types of airplanes
for thousands of hours of time in service. The intent of the cireular
is to impart some of this knowledge to other interested persons.
Appendices 1, 2, 3 and 4 provide a technical digest of material on
corrogsion, fatigue failures, nondestructive teating and station charts,
respectively.

DESCRIPTION., This circular contains guidance material for performing

waintenance on wing, fuselage, and empennage structure. The information
has been derived from service experience. It does not comprise a full
and complete maintenance program for the subject aircraft, but should be
congidered as supplemental maintenance data. Included in the circular is
a8 listing of selected maintenance difficulties which have been reported
since 1966 by air carrier operators.

BACKGROUND.

a. Older Aircraft, The Administrator has realized that several different

types of transport aircraft are being phased out of service by some
airlines because of the availability of newer equipment. Such older
aircraft are being purchased by other operators who may not be
familiar with the scope of required maintenance and the means which
have been used to keep the aircraft in 8 safe condition.

b. Maintenance "Know How." Since maintenance "know how" is not trans-
ferred with the aircraft, the new operator generally goes through a
learning cycle before he is able to rapidly pinpoint the important/
critical problem areas of the aircraft, In this respect, identifi-
cation of known areas where structural problems have been experienced
will help in the preparation of an initial maintenance program by a
new operator. It also can serve as a guide to other operators who
have not accumulated sufficient service experilence to have knowledge
of all the problem areas of the aircraft,

GENERAL DISCUSSION OF STRUCTURE SURVEILLANCE,

a. Manufacturer's Service Bulletins. The manufacturer has published
service bulletins containing its recommendations concerning the in-
spection, repair, and modification of aircraft. Most of these
bulletins cover known areas; however, some are predictive in nature

and have been issued even though no fatigue damage has been identified

in the fleet. Because of differences in structural configuration,
most service bulletins apply only to certain aircraft, Effectivity
is shown in each bulletin. Additional bulletins may be published by
the manufacturer, and a service bulletin index is available from the
manufacturer which is updated periodically,

Par 1 Page 1
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Other Documentation. Further, the manufecturer has published the

Tollowing documents to aid in maintalning the aircraft in serviceable
condition:

Maintenance Manual,
Overhaul Manual, and
Structural Repalr Manual,

These documents are updated from time to time by the manufacturer.

Structural Item Interim Advisories are published by the manufacturer
to notify operators of newly found problems which may be of fleet-
wide significance and may or may not be followed by service bulletins.

Maintenance Action. For adequate maintenance of the B-T2T7 structure,
every operator should have in hls possesslion and be conversant with
the above documentation, including service bulletins applicable to
his particular aircraft. He should also obtain complete service
records from previous owners and become familiar with the structural
history of his alrcraft, including information on meintenance proce-
dures followed, msjor repairs made, and preventive modifications and/
or repair work incorporated per service bulletins, This is essential
to carry out the followup procedures required, and to avoid unneces-
sary work where corrective action has already been taken.

(1) The new operator should contact the manufacturer regarding asny
aregs requiring clarification.

(2) The operator should keep himself informed of new developments
and arrange to be supplied with revised and new documentation
by the manufacturer. Consultation with the manufecturer and/or
more experienced operators should take place from time to time as
necessary, to establish which service bulletins have structural
slgnificance and when they would best be incorporated,

(3) The meintenance program established by the new operator should
reflect changes in environment end usage of the aircraft (e.g.,
shorter flights, intermittent use, etc.).

Airworthiness Directives, It is emphasized that the material in this
circular dces not supersede eny of the requirements of airworthiness
directives 1ssued under Part 39 of the Federal Aviation Regulations.

Certification. Type certificate No. AJWE was issued to The Boeing

Company, Renmton, Washington, on 24 December 1963. The basis for
certification was CAR 4b (dated December 1953). The type certificate
data sheet No. A3WE prescribes conditions and limitations for which
the type certificate was issued., The latest revision of the type
certificaste data sheet, at the time this document was published, was
revision No. 9 (dated 4 July 1971).
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TYPE OF CONSTRUCTION. The aircraft structure is comprised of three major
sections: +the fuselage, the wing, and the empennage. The structure is
designed to provide maximum strength with minimum welght by providing
alternate load paths so that a fallure of one segment will not result in
failure of the complete structural component. The materials most
commonly used throughout the structure are aluminum, steel, and magnesium
alloys. In secondery structural areas and meny flight control surfaces,
aluminum and fiberglas honeycomb core materisl is extensively used.

a. The fuselage is a semimonocoque structure with the skin reinforced by
clrcumferentigl frames and longitudinel stringers, It is composed
of four sections of which the forward ithree sectione contein passen-
ger, crew, and cargo compartments and extend from body station 178
to body station 1183. The fourth section (aft) provides support for
the engines and empennage. Except for the nose gear wheel well and
the cutout which accommodates the center wing box and maln landing
gear wells, the entire shell between body stations 178 and 1183 is
pressurized. The frames at body stations T4O and 870 incorporate
the points at which the fuselage is attached to the wing front and
Tear spars.

b. The wing structure consists of a left and right wing box and a center
wing box. The left and right wing boxes are cantilevered from the
center wing box and the thickness and chord of each wing tepers
towards the tilp and sweeps back from the center wing box. The sur-
faces consist of upper and lower skin panels and front and rear
spars. The skin is reinforced by spanwise stringers and the spars
sre reinforced by vertical stiffeners.

(1) The left and right wing boxes are reinforced by chordwise ribs
with the greater portion of their encleosed volume sealed to
serve as fuel tanks. They extend from the wing root ribs at
WBL T0.5 to the tank end rib at station T60.5. The center wing
box is reinforced by a pair of spanwise beams and contains a
series of bladder-type fuel cells.

(2) The leading edge of each wing supports three flaps and four
slats. The trailing edge of each wing supports an inboard and
outboard flap, an inboard and outboard alleron, and seven
spollers.

¢. The empennage consists of & vertical fin, adjustable horlizontal
stabilizer, two elevators and two rudders. The vertical fin strue-
ture is & three-spar box with longitudinal stringers to reinforce
the skin. The box is reinforced by chordwise ribs,

(1) The horizontal stabilizer is installed across the top of the
vertical fin and consists of & complete dual box structure from
left to right tip. The leading edge spar supports a leading
edge fairing and the trailing edge spar supports the elevator
and assocliated fairing.
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(2) The rudders and elevators are dual sper structures with ribs and
bonded skin panels. BPach rudder has a full length antibalance
tab constructed of aluminum honeycomb. Each elevator has a con-

trol tab and five halance panels are hinged to the nose of each
elevator,

ATRCRAFT STATION DIAGRAMS. The wing, fuselage, and empennage station
diagrams included in this document were developed for the B-T2T7 aircraft
and are used as & general reference oply. Several models of these alr-
craft were manufactured and have different statlion locator numbers based
on the particular configuration. Since the defective areas generally
apply to all models of aircraft, the referenced area can be compared with
a similar erea end locator on the appropriate station diagram for the
particular model aircraft.

ABBREVIATIONS USED IN THIS DOCUMENT.

FAR Federal Aviation Regulation
I/B Inboard

L/E Left Hand

MLG Main Landing Gear
NLG Nose Ianding Gear
0/B Outboard

P/N Part Number

R/H Right Hend

TAT Total Aireraft Time
TSN Time Since New

TSO Time Since Overhaul

MATNTENANCE REPORTS. The following 1s a listing of selected maintenance
difficulties experlenced, representing examples of reports submitted by
alr carrier operators. This information may be useful in identifying
structural problem areas, It should be noted that this is a partial list
end covers only & portion of time in the history of the B-T2T series
alrcraft.

a. Fuselage.

(1) A 4" crack wes found in fuselage frame at station 783.95 on the
R/H side below the cabin floor. TAT 14,255 hours.

(2) The NIG drag strut support shelf was found to have cracks in the
L & R tangs. TAT 14,255 hours,

(3) The aft pressure bulkhead left vertical beam was found cracked
at the upper lightening hole., TAT 14,255 hours.

(4) During main base check, the tail skid door link lower attach
fitting was found to be cracked, fitting P/N 65-5972T=6.
TAT 14,882 hours.,
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(9)
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(11)

(12)

(13)

(14)

(15)
(16)

(17

(18)
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A 1" crack was found in the aft lower corner of the NIG drag
brace support beam. TAT 14,056 hours.

Corrosion was found at the skin lap at station 665 stringer 28L.
TAT 14,056 hours.,

A 10" crack was found in the upper vertical "I" beam on the L/H
glde of the aft entry door. TAT 8,998 hours.

An unscheduled landing vas made due to #5 L/H eyebrow window
inner panel cracking during cruise, window P/N 5-T176-13.
TAT 13,480 hours.

During eddy current inspections, cracks were detected on the

T & R sides of the bulkhead flanges at station T4O. The cracks
were between stringers 18 & 19 and 19 & 20. TAT on the several
alreraft concerned ranged from B,641 hours to 15,4k hours.

During maln base inspections, stringers 20 & 21 L & R and 22R
at station 294,5 and stringer 20R at station 360 were found
cracked. TAT 14,786 hours to 15,610 hours,

Routine inspection disclosed a 2" erack in station 930 L/H
fuselage frame and stringer 18A, also cracked skin at station
940, TAT 17,270 hours.

The upper left fuselage skin lap was found bulged at station 900
and the skin split at stations 990 & 130 due to corrosion,
TAT 17,482 hours.

Routine scheduled insgpection disclosed cracks in the cabin floor
beam at station 910. TAT 15,256 hours.

During scheduled inspectlion, the forward hinge mount bracket on
the forward cargo door was found broken and pulled out of the
structure. TAT 6,150 hours.

Extreme corroeion was found on main cabin seat track assemblies
#3, 5, 6, and T between stetions 420 and 720. TAT 8,026 hours.

The fuselage frames et both hinge cutouts for the aft cargo door
were found cracked. TAT 13,090 hours.

During modification, the following damaged fuselage frames were
replaced: statioms 480, 500, 520, 540, 560, 580, €600, 600F,
600G, 600H, and 600J. Also replaced damaged skin panel station
420 to F. S, Bulkhead, TAT 30,380 hours.

Fuselage frame station 880 found cracked at stringers #5 L & R.
TAT 14,786 hours.
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The bulkhead at station 1183 was found to have a 11" crack on
the L/H side and a 2" end 4" crack on the R/H side. TAT 15,852
hours.

During main base check, & crack was found in fuselage frame at
statlon 1203 upper R/H torque box. TAT 14,639 hours.

A 20" tear in the ram air inlet between stations 660 and 680 was
found and determined to be a result of excessive corrosion
between the skin end strap., TAT 15,450 hours.

Extensive corrosion was found below the floor of the forward
cargo compartment from station 480 to T20,.

Ultrasonic inspection disclosed severe corrosion along the sides
of the ram air splitter vein and around the ram eir door actua-

tor rod holes and a 16" crack underneath the splitter vein from

station 642 to 658. TAT 15,678 hours,

The NIG collar forward segment was found cracked and the report-
ing coperator attributed the crack to corrosion between the
faying surfaces of the collar and bushing. TSN 6,234 hours.

Wing.

(1)
(2)
(3)

(%)

(5)

(6)

During a main base check, the upper #0 left wing stringer at
station 656 was found cracked. TAT 14,536 hours.

The R/H MIG trunnion support beam, P/N 65-16230-4% has been found
cracked. TAT 14,877 hours.,

During scheduled inspection, the L/H flap O/B carriage support
was found broken, P/N 69-39601-1., TAT 14,876 hours.

Routine inspections disclosed six broken lobes on the R/H I/B
alleron balance panel forward hinge at & TAT of 14,056 hours and
ten broken lobes at a TAT of 15,400 hours, Nineteen forward
hinge lobes were found broken on the L/H 0/B alleron 0/B panel
at a TAT of 16,748 hours.

A main base inspection disclosed the R/H wing rib at station
686.5 cracked at the top at stringers #.2 and 13 and at the
bottom at stringer #. The rib at station 629 was also cracked
at the top at stringer #Y4%. The top stringer #Bc station 601
and top stringer #9c at station 686.5 were also cracked., TAT
15,270 hours.

Inspection found #3 MLG wheel inner half broken. The inner

bearing and hub were separated from the wheel half. TSN 3,925
hours.
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The O/B alleron lockout support assembly was found broken at
station 661.25 on the R/H wing. TAT 6,577 hours.

A 12" crack was found in #1 pylon fitting, P/N 65-18722-3.
TAT 4,259 hours.,

A 31" crack was found in the keel beam web at the APU cutout in
the R/H MIG wheel well, TAT 15,260 hours.

During inspection, corrosion was found at the R/H wing station
422 front spar lower cap. TSO 10,659 hours,

A cracked R/H MLG trunnion forward support wing attach fitting
was found during scheduled masintenance check, fitting P/N
69-19296-2., TAT 14,794 hours.

During scheduled inspection, the L/H MIG walking beam was found
to be cracked at the 0/B aft attach lug, P/N 65-17658-11,
TAT 9,891 hours.

Routine service check disclosed the L/H wing O/B leading edge
mid-flap interspar rid cracked in two places at WBL 319.
TAT 11,647 hours.

Routine inspection disclosed two cracks in the R/H aileron 0/B
control rod, P/N 65-2354L-1. TAT 6,804 hours. Similar cracks
have also been found in the L/H aileron control rod.

When lowering landing gear during approach, crew heard loud
bang. Inspection after landing revealed the R/H landing gear
retract cylinder and walklng beam protruding through top of
wing. Operator reported probable cause as failure of beam,
P/N 65-17658-11. TAT 17,249 hours.

A 2 3/4" crack was found in support P/N 65-216L0-1 at station
388, L/H I/B flap jackscrew forward attachment. TAT 6,849 bours.

Scheduled inspection disclosed heavy corrosion on R/H wing rear
spar lower chord at station 601.5. TAT 20,030 hours.

Ultrasonic inspection disclosed a cracked MIG beam lower left
support link pin, P/N 69-14908 at body station 940, The crack
was three-fourthe way around the circumference of the link pin.
TAT 16,604 hours.

On scheduled inspection, found #2, #13 and #14 outbhoard spoiler
actuator support fitting cracked, TAT 13,151 hours,
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(20) Routine inspection revealed an 8=inch crack in radius of
upper spar cap at statiom 720 right wing., TAT 14,452 hours,

(21) During inspection found L/H inboard flap drive gear box
cracked at three mounting lugs., TAT 15,517 hours,

(22) Pound right inboard flap inboard track cracked at mount bolt
hole for landing gear support beam,

(23) During inspection found corrosion at R/H W, S, 422 front
spar lower cap, vertical tang, TS50 10,659 hours.

(24) No, 7 spoiler actuator rod end failed and rod penetrated
flight spoiler, TAT 20,069 hours.,

Empennage,

(1) Forward hinge lobes on the R/H elevator #l balance panel

(2}

(3)

(4)

(5)

(6)

(7)

(8)

(9)

were found broken. TAT 14,255 hours.

During overhaul, a crack was found in the center section
forging of the R/H horizontal stabilizer, TAT 14,113 hours,

The L/H inner flange of the vertical fin stiffener #9 at
station 133.8 was found cracked, TAT 10,658 hours,

The #3 and #3 L/H elevator balance panels forward hinge lobes
were found broken., Number 3 panel had 29 broken and #5 panel
had six broken., TAT 14,056 hours,

A 25" crack was found in the L/H elevator hinge support at the
0/B end of #3 balance panel, TAT 14,056 hours,

A 4" crack in the lower skin panel and a crack in the stiffener
were found at station 114 R/H elevator. TAT 14,056 hours,

During routine inspection, the trailing edge rib at station
136.5 R/H horizontal stabllizer was found cracked., TAT 9,244
hours. Cracked trailing edge ribs were also found in the

L and R horlzontal stabilizer at station 114,97 at a TAT of
5,274 hours.

A 10" crack was detected in the lower L/H elevator skin at the
skin at the 0/B end of the elevator tab, TAT 5,881 hours,

A 2" crack was also found in the R/H elevator lower skin at
0/B end of the tab, TAT 5,563 hours,

A crack was found in the front spar web of the vertical fin
aft of station 1183, TAT 15,256 hours.
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(10) Scheduled inspection disclosed a cracked and broken stringer
in the vertical fin R/H side at approximately station 160,
TAT 2,159 hours,

{(11) Routine inspection disclosed a 1" crack in the R/H horizontal
stabllizer rear lower spar vertical leg at station 200. TAT
15,800 hours,

(12) A 1" crack was found in the vertical leg of the R/H horizontal
stabilizer lower spar cap at station 135, TAT 15,828 hours,

(13) During scheduled imspection, cracks were found in two elevator
hinge support brackets, P/N 65-16931-1 at stations 99.79 and
136,5,

(14) Routine inspection disclosed a 2" crack in elevator hat
section skin at station 173,21 and a 3" segment missing at
station 99,79, TAT 7,628 hours,

(15) The upper rudder hinge fitting was found cracked at the
lower lug, fitting P/N 65-23337-1, TAT 11,647 hours,

(16) The upper rudder teb actuating fitting was found cracked,
P/N 65-6244-2, TAT 16,145 hours. On another aircraft, the
lower rudder tab rod attach bracket was cracked, P/N 65-17483-7,
TAT 6,361,

(17) Three cracks in the 0/B panel of the R/H horizontal stabilizer
spar and one crack in the I/B panel of the L/H horizontal
stabilizer spar were found during routine inspection, TAT
6,706 hours,

{18) The L/H horizontal stabilizer spar flange was found cracked
at station 208, TAT 8,816 hours,
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APPENDIX 1. CORROSION

1. CAUSES QF CORROSION.

8.

Metal corrosion is the deterioration of the metal by chemlcal or
electrochemical attack. Corrosion can take place internally as well
as on the surface of the metal. This deterloration may change the
smooth surface, weaken the interior, or damege or loosen adjacent
parts.

Water or water vapor containing salt and combined with oxygen in the
atmosphere produces main source of corrosion in aircraft. Thus,
alrcraft operating in & marine enviromment or in areas where the
atmogphere contalns industriel fumes which are corrosive are parti-
cularly susceptible to corrosive attacks. If unchecked, corrosion
can cause eventuasl structural failure,

2. TYPES OF CORROSION. There are two general classifications of corrosion,

direct chemical attack and electrochemical attack. In both types, the
metal is converted into an oxide, hydroxide, or sulfate. The corrosion
process involves the anode which ies oxidized end cathode (or the
corrosive agent) which is reduced.

8.

b.

Direct chemical attack. Corrosion by direct chemical attack results
from direct exposure to caustic liquids or vapors. The anodlc and
cathodic change occurs at the same point. Direct chemlcal attack in
aircraft structure deposits are caused by (1) spilllied battery acld
or fumes, (2) residual flux deposits from welds, and (3) trapped
caustic cleaning fluids,

Rlectrochemical attack. An electrochemical attack is similar to the
electrolytic reaction in electroplating or in a dry cell battery. The
reaction requires a medium, like moisture, capable of conducting
electricity. When a metal comes in contact with a corrosive agent
(dissimilar metal) and is connected by & liquid path, the metal decays
or corrcdes. The electrochemical attack i1s responsible for most

forms of corroslon on aircraft structure.

3. FORMS OF CORROSION. There are many forms of corrosion which depend on

the metal involved, size, shape, atmospheric conditions and corrosion
produecing agents.

8.

Par 1

Surface corrosion. This may be caused by either direct chemical or
electrochemical attack. Surface corrosion appears as a general
roughening, or pitting of the surface of a metal accompanied by a
powdery deposit of corrosion products.

Disgimilar Metal Corroslon. Extensive pitting damage may result from

contact between diseimilar metal garts in the presence of a conductor.
A galvenic action like electroplating occurs at points of contact

when insulation hes broken down or was omitted.
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C.

Intergranular corrosion, The grain boundaries of an alloy are
attacked by this type of corrosion. Intergranular corrosion mey
exist wlthout visible surface evidence. Severe intergranular corro-
sion may sometimes cause the surface of e metal to "exfoliete," This
is & flaking of the metsl at the surface caused by pressure of corro-
slon residusl product buildup,

Stress corrosion. This type corrosion occurs as the result of the
combined effect of tenslle stresses and corrosive environment, Stress
corrosion is found in most metals. However, it 1s & particular char-
acteristlc of aluminum, certaln stalnless steels and high strength
steels,

Fretting corrosion. This occurs when two mating surfaces are subject
to relative motion although normaily at rest with respect to each
other. It is characterized by surface pitting and generation of
finely divided debris.

i, FACTORS AFFECTING CORROSION. Many factors affect the speed, cause, type,

end seriousness of metal corrosion which include:

Climate.
Size and type of metsal.

Forelgn material.

5. CORROSION PREVENTION, Corrosion-preventive maintenance includes:

a.

b.

Page 2

An adequate cleaning.

Thorough periocdic lubrication.

Detalled Ilnspection for corrosion and failure of protective systems.
Prompt treatment of corrosion and touchup of damaged paint areas.
Keeping drainholes free of cbstruction.

Daily wipedown of exposed critical areas.

Sealing of aircraft agalnst water during foul weather and proper
ventilation on warm, sunny days.

Making maximum use of protective covers on parked aircraft.
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APPENDIX 2., FATIGUE FAILURES

1. PREDICTION AND PREVINTION OF FATIGUE FAILURES. Fatlgue fallure in metals
is & very complex subject. The situation is further complicated by vari-
abilities encountered in all aspects of the real, physical world. It is
well known thaet meterial properties are not the constant characterlstics
of a materlal, but they may vary within certain ranges., A baslec materisl
property such &s mechanical tenslle strength will vary among specimens
made from supposedly the same material. The variability in material
fatlgue properties is considerably higher than that of material static
properties,

a. When parts or structures are fabricated from the materials, additional
variablilities are introduced by the manufacturing processes, and no
two "nominally identical" parts are alike in all respecte.

b. Service or field use of identical parts may also vary from part to
part. That is, the exact use conditions of the aircraft are not
known beforehand.

¢, Actual fatigue behavior of such parts in service is influenced by all
of the above factors and assoclated variabllitles.

2. HISTORY OF A FATIGUE FAIIURE. The structural members of an alrcraft car-
Tylng loads may get 'tired" from the repetitive stresses inherent in the
flight and taxiing operation of the aircraft. This condition is called
metal fatigue,

a&. A metal specimen designed to carry & certein load will do so, indefi-
nitely, if the load is steady. If the load ig cycled (applied and
released) meny times, the specimen may bresk. Thls can happen even
when the load is smaller than the original design load limitation.
Repetitive loadings can cause sllght deformation or stretching of the
metal which results in & small crack. With continued loading and
deformation, the crack will spread.

b. The uncracked area of the part 1s not strong enough to carry a
load and, subsequently, the part breaks, This is briefly, in slmple
terms, the history of a fatigue failure.

3. FATIGUE FATLURE IN ATRCRAFT. Fatigue failure 1s the tendency of materials
to fracture under many repetitions of siress at levels considerably less
than the ultimate static strength. Exemples are cracks in wing skin, ribs,
gtringers, and spars, or in fuselage skin, stringers, longerons, bulkhead
frames and webs.

a. Fatigue 1s not limited to the wing and fuselage structure, but occurs
also in heavy hollow members such as landlng gear etruts, engine
shafts and torque tubes, solid members such as fittings, bell cranks,
tle rods, turbine wheels, links, bolts, and other areas.
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b. Fatigue occurs when the endurance limit of the material is exceeded,
Endurance limlt is extent of life, or number of cycles of flight loads
or stress levels which & structural member can endure before fracture
occurs,

L, STRESS RAISERS. Although the life of a part may be increased by reducing
the tenslle stress imposed, this would not eliminate premzture failures if
high locallzed stresses are present. High localized stresses result from
irregularities of form, such as holes, surface notches or nicks, sharp
edges, and abrupt changes in cross section. These are celled stress
raisers; the phenomenon is called stress concentration.

5. FATIGUE FAILURE CONTROL. Fatlgue failure problems may be controlled by
employing adequate maintenance inspection programs and technigues. Obvi-
ously, the objective is to detect an inciplent fatigue fallure before it
occurs 80 that the structure can be repaired or replaced. Thus, the
inspection approach to the problem has several advantages:

&. It can decrease the incidence of fatigué failures.

b. It increases the operational reliability of the structure and
equipment.

e, It allows a better utllization of the structure by extending mctual
service life untll shortly before an incipient failure instead of
retiring a structure at some earlier predetermined time, which in
many cases, would represent only e fractlon of the structure's
gvalilable useful life,

d. On the other hand, any inspection program consumes time, costs money,
depending on the method used, and may inveolve rather complex and
expensive equipment. There are also some limitatlons and some com-
plicating factors asssoclated with each inspection methed.

6. MAINTENANCE INSPECTIONS REQUIREMENTS. It is the maintenance people, once
the airecraft is in operation, who detect and repair any such fatlgue dam-
age. Further, maintenance has the added responsiblilify of not creating
any points of stress concentration during any repair or medification.

a. The prevention of fatigue failure in the structure by inspection
depends on the ability of the inspection method(s) to detect an
incipient fatigue failure.

b. The inspection of & structure should yield a positive identification
of the fatigue damage that has already occurred and that would even-
tually lead to fallure.

¢. These inspection methods should be of a nondestructive type so that
they would not do any demage to the ittems being inspected and would not
affect thelr fatlgue life. Various available nondestructive testing
(NDT) methods for detecting fatigue damege are covered in Appendix 3.
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APPENDIX 3 NONDESTRUCTIVE TESTING

MAINTENANCE TOOL, Simply stated, nondestructive testing (NDT)is a
tool for performing maintenance imspection, - This includes utilization
of such maintenance tools as X-ray, ultrasonic, magnetic particles,
eddy current, and dye penetrant,

a. Maintenance Inspection., NDT permits maintenance inspection without
removing components from aircraft or tearing down complex
assemblies, Defects in various ailrcraft systems which would escape
detection through normal visual inspection will be identified by
NDT.

b, Training Required. Speclal NDT training is desirable to make sure
that the technician is capable of operating the equipment and
interpreting the results, Also, many stetes require that an X-ray
technician have an approved certificate for use of X-ray in
industrial applications, This is to minimize improper use of
X-ray equipment with attendant health hazard, '

METHODS AND APPROACHES FOR DAMAGE DETECTION, Information on the applica-
tion of NDT methods for the detection of fatigue damage is scattered
through literature on metal fatigue and literature on NDT, Few
publications deal with this problem specifically., Some publications

are limited to laboratory investigationms, and the NDT applicatiom is
conducted under controlled laboratory comditions, Such investigations
contribute considerably to available knowledge and provide new or
improved NDT methods for fileld use, However, there is a great difference
between what can be done in the laboratory and what can be used in
practical applications under field service conditionms,

NDT METHOD IN FIELD AND SERVICE USE, Most of the NDT methods that are
used under field and service conditions are those capable of detecting
fatigue cracks of various sizes, These methods are described in books
on the subject of nondestructive testing and other publications such

as reports, technical papers, and magazine articles., The NDT methods
most commonly used in the field and service for fatigue crack detection
follow,

VISUAL INSPECTION. Visual inspection is the oldest, simplest, cheapest,
and most widely used of all NDT methods. The basic principal used in
visual inspection is to illuminate the object and examine the surface
with the eye,

a. The surface should be adequately cleaned before being inspected,
Visual inspection for detection of fatigue cracks can be improved
by aids such as mirrors, lenses, microscopes, periscopes, and
telescopes, These devices compensate for limitations of the human
eye. Boroscopes permit direct visual inspection of the interior of
hollow tubes, chambers, and other internal surfaces,
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b.

The capabillty of visual insgpectlon to detect a fatigue crack depends
on many factors such as the slze and location of the crack, the 1l1lum-
ination used, optical aids employed, and skill of the inspector. It
is often difflcult to detect even a relatively large fatigue crack
that is located, for example, at the corner of a groove or that coin-
cides with a machining mark. There are, of course, also limitations
on the size of cracke that can be detected by visual inspection,
depending on optical alde employed.

5. LIQUID PENETRANT. The liquid penetrant is one of the oldest methods of

nondestructive testing and is cepable of detecting cracks that may be
impossible to find with the most careful visual inspection because either
they are toc small or because they are difficult to detect due to their
location. The principle involves applylng to the part surface a liquid
penetrant having a low-surface tension and low viscosity. When used on

a clean surface that the liquid will wet, the liquid is drawn into the
cracks by capiliary action, The presence of the liquid in the cracks is
revealed when, after wiplng the excess liguld from the surface, a devel-
oper 1s appllied that acts like a blotter and draws the liquid out.

a.

There are two types of liquid penetrants in general use. One contains
a dye which usually gives a good color contrast agalnst the selected
developer; the other contains dissolved fluorescent material, which
makes it readily visilble when viewed under a "black" {ultraviolet)
light.

Liguld penetrant lnspection is inexpensive and readily applicable to
field use. The surface must be cleaned before inspection and also
afterwards to remove the developer.

6. MAGNETIC METHODS. Magnetic inspections are used to detect surface or

near surface discontinuitles in ferromagnetic materials, and they are
well suited for the detection of fatigue cracks.

8.

Page 2

The principle employed here is that once a magnetic fleld is induced
in & material, any cracks and flawe that are present, will perturdb
or distort that magnetic fleld. These methods are moat senslitive
when the crack orientation and the magnetic field directlion are per-

pendicular to each other. When they are parallel, the crack will not
be detected.

The magnetic particle method 1s the most frequently used. Tt consists
of three basic steps:

(1) Establishment of the magnetic field in the part to be inspected,
(2) Application of magnetic particles to the surfaces of the part.

(3) Visuel exemination of the surfaces for indications of fatigue
cracks. These indications are provided by the particles being
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T. RADIOGRAPHY. Radiography 1s a method of nondestructive testing which uses
‘X-ray gamma, beta, or neutron radiation. It is based on the ability of
these radioactive sources to penetrate materiaels. The intensity of the
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attracted to the locations of the cracks (or other defects) due
to local variations in the magnetlic field that are produced.

¢. Two classes of magnetic particles are avallable. The wet method
pearticles use & liquid vehicle; the dry method particles are borne
by alr, These particles are usually:

(1) Colored to give contrast with the surface being inspected, or

(2) Coated with fluorescent material to make them readily visible

under black light. Parts inspected by magnetic particle methods
must be cleaned.

penetrating radicactivity 1s modified by passage through materials and by
defects in the material. These intensity changes are recorded on film as
areas of varying density (or darkness) which permits distinguishing flaws
and cracks. Obviocusly, maximum sensitivity occurs when the crack is
orlented such that 1ts longest dimension is parallel to the direction of
radiation.

a. X~ray radiography has two mein adventages; (1) versatility, and
-Tﬁ) sensitivity. The X-ray energy source can be easily adjusted for
varlatione in thickness. Tt 1s also adaptable to fluoroscopy and
television systems.

b. The advantages of gamma radiography are: (1) portability, and
(2) a relatively low cost,Portability comes from the fact that the
source is small. This permits its effective use iIn the fleld particu-
larly in remote areas, One of the difficulties with the gamma radio-
active source is that the source cannot be varied or turned off so
that safety precautions must be observed at all times. (X-ray consti-
tutes a health hazard only during operation of the X-ray equipment,)

¢c. Convepntional radiography is firmly established and reasonably easy to
understand. One of the original drawbacks was the long time involved
in the developing end processing of film, This has been overcome by
modern automatic film processing technigues.

d. Interpretetion of the processed film is the most important phase of
radiography. Adequate tools such as & film illuminator lens and good
working conditions should be available to assist the interpreter in
detecting cracks in the part displayed on the film.

ULTRASONICS. Ultrasonic methods have recelved wide acceptence in the

aviation industry and are particularly useful for determining the integri-

ty of a member of & structure. Basically, sound energy above the audible
range is transmitted into a part, and a signal is received and analyzed.
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The ultrasonic wave is transmitted and received through transducers, which
are placed upon the part to be inspected. The transducer must be properly
coupled to the part and is the most critical aspect of the inspection.
Good coupling can be achieved by using liguids at the transducer part
interface.

&. The ultrasonic wave (or beam) may be evaluated in terms of either
transmission or reflection, The receiving transducer may be
& separate unit (through transmission) or it msy be the same trans-
ducer that sent the signal (reflection and resonance)., For crack
detection, the reflection technique is most commonly used. It permits
the determination of the location of the crack wherever it might be
within the part and only one transducer on one side of the part is
needed. When wltrascnic wave (pulse) is sent into the part, a discon-
tinuity, e.g. & crack, in its path on which it impinges will both
absorb and reflect energy., A defect can be recognized by the relative
time for return of the reflected energy to the transducer.

b. The ultrasonic methods now available are rapid, economlical, sensitive,
and can have good accuracy for determining crack extent and position.
Equlpment is light and portable so that on-site inspections are
possible. There are conditions which cen limit the usefulness of
ultrasonic inspections., These include unfavorable part geometry
(such as complexity, contour, and size) orientation of the cracks,
and misleading responses which may occaslonally be cbtalned., Also,
ultrasonic inspection, as presently practiced, depends upon experlence,
skill, and judgment of the inspector. He must interpret the crack
slze and location by the indirect evidence presented by the electronic
equipment (oscilloscope). He must be able to distingulsh between
significant signals and spurious ones,

EDDY CUBRRENT. The eddy current method is a comparatively recent nondes-
tructive testing technigue. It is being frequently used for nonmagnetic
materials, (When used for magnetic materials, it requires more complex
gsystems.) The principle involved is simple. A coil that is carrying a
high-frequency alternating current 1s brought near an electricasl conductor
and eddy currents are generated in the conductor. The eddy (or induced)
current creates a magnetic field. Flaws, cracks, etec,, cause resistance
changes within the part., This affects the induced currents and thus, the
magnetic field produced by them, Detection and measurement of the
magnetic field form the basis of the nondestructive testing.

a. Two types of colls are in common use. One is a clrcumferential coll
through which & pert passes. The second is called & probe coil which
is placed on the surface of the part to be inspected. Each type coll
can be made in a number of designs, depending on the application.

b. Eddy current instruments have various degrees of versatility. Many
are portable, Once proven for a specific application, the inspection
process 1ls very rapid. Eddy current methods have been used very
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successfully for fatigue crack detection, However, eddy current
methods are sensitive to many variables that influence the
results obtained, Also, signals obtained are sometimes of a
comparative nature, and reference standards are needed for
interpretation,
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SUBJECT: MAINTENANCE INSPECTION NOTES FOR BOEING B-727 SERIES ATRCRAFT

PURPOSE. This change provides an updating of material for the B-727
series aircraft maintenance inspection program. Inspection of selected
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INTRODUCTION., This advisory circular provides maintenance information
which can be used, but is not required to be used, by mechanics, repair
agencies, owners, and operators in developing maintenance programs, making
improvements in existing programs, and conducting inspection and repairs
on certain structural parts of Boeing B-727 airplanes. The material is
based, in part, upon information made available through discussions with
personnel who have maintained these types of airplanes for thousands of
hours of time in service. The intent of the circular is to impart some
of this knowledge to other interested persons. Appendices 1, 2, 3 and &
provide a technical digest of material on corrosion, fatigue failures,
nondestructive testing and station charts, respectively.

DESCRIPTION. This circular contains guidance material for performing
maintenance on wing, fuselage, and empennage structure. The information
has been derived from service experlence. It does not comprise a full
and complete maintenance program for the subject aircraft, but should be
considered as supplemental maintenance data., Included in the circular is
a listing of selected maintenance difficulties which have been reported
since 1966 by air carrier operators,

BACKGROUND.

a. Used Aircraft. The Administrator realizes that several different
types of transport aircraft are being phased out of service by some
airlines and are being purchased by other operators whe may not be *
familiar with the scope of required maintenance and the means which
have been used to keep the aircraft in a safe condition,

b. Maintenance "Know How." Since maintenance '"know how" is not trans-
ferred with the aircraft, the new operator generally goes through a
learning cycle before he is able to rapidly pinpoint the important/
critical problem areas of the aircraft. In this respect, identifi-
cation of known areas where structural problems have been experienced
will help in the preparation of an initial maintenance program by a
new operator. It also can serve as a gulde to other operators who
have not accumulated sufficient service experience to have knowledge
of all the problem areas of the aircraft.

CENERAL DISCUSSION OF STRUCTURE SURVEILLANCE.

a. Manufacturer's Service Bulletins. The manufacturer has publighed
service bulletins containing its recommendations concerning the in-
spection, repair, and modification of aircraft. Most of these
bulletins cover known areas; however, some are predictive in nature
and have been issued even though no fatigue damage has been identified
in the fleet. Because of differences in structural configuration,
most service bulletins apply only to certain aircraft. Effectivity
is shown in each bulletin, Additionmal bulletins may be published by
the manufacturer, and a service bulletin index is available from the
manufacturer which is updated periodically.
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Other Documentation., Further, the manufascturer has published the

following documents to aid in maintaining the aircraft in serviceable
condition:

Maintenance Planning Document (D6-8766)

Maintenance Manual, (D6-Series, different for each operator)
Overhaul Manual, (D6-4420)

Structural Repair Manual (D6-4062)

NDT Document (D6-7170) *

These documents are updated from time to time by the manufacturer.

Structural Item Interim Advisories are published by the manufacturer
to notify operaters of newly found problems which may be of fleetwide
significance and may or may not be followed by service bulletins,

Maintenance Action. For adequate maintenance of the B~727 structure,
every operator should have in his possession and be conversant with
the above documentation, including service bulletins applicable to
his particular aircraft. He should also obtain complete service
records from previous owners and become familiar with the structural
history of his aircraft, including information on maintenance proce-
dures followed, major repairs made, and preventive modifications and/
or repair work incorporated per service bulletins, This is essential
to carry out the followup procedures reduired, and to avoid unneces-
sary work where corrective action has already been taken.

(1) The new operator should contact the manufacturer regarding any
areas requiring clarification.

(2) The operator should keep himself informed of new developments
and arrange to be supplied with revised and new documentation
by the manufacturer. Consultation with the manufacturer and/or
more experienced operators should take place from time to time
as necessary, to establish which service bulletins have structural
significance and when they would best be incorporated.

(3) The maintenance program established by the new operator should

reflect changes in environment and usage of the aircraft (e.g.,
ghorter flights, intermittent use, etc.).

Airworthiness Directives. It is emphasized that the material in this

circular does not supersede any of the requirements of airworthiness
directives issued under Part 39 of the Federal Aviation Regulatioms.

Certification., Type certificate No, A3WE was issued to The Boeing

Company, Renton, Washington, on 24 December 1963, The basis for
certification was CAR 4b (dated December 1953), The type certificate
data sheet No. A3JWE prescribes conditions and limitations for which
the type certificate was issued. The latest revision of the type
certificate data sheet, at the time this document was published, was
revision No. 10 {(dated 1 September 1972). *
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TYPE OF CONSTRUCTION. The aircraft structure is comprised of three major
sections: the fuselage, the wing, and the empennage. The structure is
designed to provide maximum strength with minimum weight by providing
alternate load paths so that a failure of one segment will not result in
failure of the complete structural component. The materials most
commonly used throughout the structure are aluminum, steel, and magnesium
alloys. In secondary structural areas and many flight control surfaces,
aluminum and fiberglas honeycomb core materlsal 1s extensively used,

a. The fuselage 1s a semimonocogue structure with the skin reinforced by
circumferential frames and longitudinal stringers. It is composed
of four sections of which the forward three sections contain passen-
ger, crew, and cargo compartments and extend from body station 178
to body station 1183. The fourth section (aft) provides support for
the engines and empennage. Except for the nose gear wheel well and
the cutout which accommodates the center wing box and main landing
gear wells, the entire shell between body stations 178 and 1183 is
pressurized. The frames at body stations T40 and 870 incorporate
the points at which the fuselage is attached to the wing front and
rear SPATrS.

b. The wing structure consists of a left and right wing box and & center
wing box. The left and right wing boxes are cantllevered from the
center wing box and the thickness and chord of each wing tapers
towards the tip and sweeps back from the center wing box. The sur-
feces consist of upper and lower skin panels and front and rear
spars. The skin is reinforced by spanwise stringers and the spars
are reinforced by vertical stiffeners.

(1) The left and right wing boxes are reinforced by chordwise ribs
with the greater portion of thelr enclosed volume sealed to
serve as fuel tanks, They extend from the wing root ribs at
WBL 70.5 to the tank end rib at station 760.5. The center wing
box is reinforced by a pair of spanwise beams and contains a
serles of bladder-type fuel cells.

(2) The leading edge of each wing supports three flaps and four
slats., The trailing edge of each wing supports an inboard and
outboard flap, an inboard and outboard alleron, and seven
spoilers.

¢. The empennage consists of & vertical fin, adjustable horizeontal
stabilizer, two elevators and two rudders. The vertical fin struc-
ture is a three-spar box with longitudinal stringers to reinforce
the skin. The box is reinforced by chordwise ribs.

(1) The horizontal stabilizer is installed across the top of the
vertical fin and consists of a complete dual box structure from
left to right tip.
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(2) The rudders and elevators are dual spar structures with ribs and
bonded skin panels., Each rudder has a full length antibalance
tab constructed of aluminum or fiberglass honeycomb, Each
elevator has a control tab and five balance panels are hinged
to the nose of each elevator.

ATRCRAFT STATION DIAGRAMS. The wing, fuselage, and empennage station
diagrams included in this document were developed for the B-727 aircraft
and are used as a general reference only. OSeveral mocdels of these air-
craft were manufactured and have different station locator numbers based
on the particular configuration. Since the defective areas generally
apply to all models of aircraft, the referenced area can be compared with
a similar area and locator on the appropriate station diagram for the
particular model aircraft.

ABBREVIATTONS USED IN THIS DOCUMENT .

FAR Federal Aviation Regulation
1/B Inboard

L/H Left Hand

MIG Main Landing Gear
NG Nose Landing Gear
0/B Outboard

P/N Part Number

R/H Right Hand

TAT Total Aircraft Time
TSN Time Since New

TS0 Time Since Overhaul

MAINTENANCE REPORTS. The following is a listing of selected maintenance

difficulties experienced, representing examples of reportis submltted by
alr carrier operators. This information may be useful in identifying
structural problem areas. It should be noted that this is & partial list
and covers only a portion of time in the history of the B-727 series
aircraft.

a. Fuselage,

(1) A 4" crack was found in fuselage frame at station 783.95 on the
R/H side below the cabin floor. TAT 14,255 hours.

(2) The NIG drag strut support shelf was found to have cracks in the
L & R tangs. TAT 1k,255 hours.

(3) The aft pressure bulkhead left vertical beam was found cracked
at the upper lightening hole. TAT 14,255 hours.

(4) During main base check, the tail skid door link lower attach
fitting was found to be cracked, fitting P/N 65-59727-6.
TAT 14,882 hours.
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(5) A 1" crack was found in the aft lower corner of the NIG drag
brace support beam. TAT 14,056 hours.

(6) Corrosion was found at the skin lap at station 665 stringer 28L.
TAT 14,056 hours.

(7) A 10" crack was found in the upper vertical "I" beam on the L/H
side of the aft entry door. TAT 8,998 hours,

(8) An unscheduled lending was made due to #5 L/H eyebrow window
inner panel cracking during cruise, window P/N 5-7l76-13.
TAT 13,480 hours.

(9) During eddy current inspections, cracks were detected on the
L & R sides of the bulkhead flanges at station TLWO. The cracks
were between stringers 18 & 19 and 19 & 20. TAT on the several
aircraft concerned ranged from 8,641 hours to 15,kbk hours.

(10) During main base inspections, stringers 20 & 21 L & R and 22R
at station 294.5 and stringer 20R at station 360 were found
cracked. TAT 14,786 hours to 15,610 hours.

(11) Routine inspection disclosed & 2" crack in station 930 L/R
fuselage frame and stringer 18A, also cracked skin at station
940, TAT 17,270 hours,

(12) The upper left fuselage skin lap was found bulged at station 900
* and the skin split at stations 990 & 1030 due to corrosionm. *
TAT 17,482 hours,

(13) Routine scheduled inspection disclosed cracks in the cabin floor
beam at station 910. TAT 15,256 hours.

(14) During scheduled inspection, the forward hinge mount bracket on
the forward cargo door was found broken and pulled out of the
structure, TAT 6,150 hours.

(15) Extreme corrosion was found on main cabin seat track assemblies
#3, 5, 6, and 7 between stations 420 and 720, TAT 8,026 hours.

(16) The fuselage frames at both hinge cutouts for the aft cargo door
were found cracked. TAT 13,090 hours.

(17) During modification, the following damaged fuselage frames were
replaced: stations 480, 500, 520, 540, 560, 580, 600, 600F,
600G, 600H, and 600J., Also replaced damaged skin panel station
420 to F. S. Bulkhead., TAT 30,380 hours,

(18) Fuselage frame station 880 found cracked at stringers #5 L & R.
TAT 14,786 hours.
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(19) The bulkhead at stetion 1183 was found to have a 13" crack on

the L/H side and a 2" and 4" crack on the R/H side., TAT 15,852
hours.

(20) During main base check, & crack was found in fuselage frame at
station 1203 upper R/H torque box. TAT 14,639 hours.

(21) A 20" tear in the ram air inlet between stations 660 and 680 was
found and determined o be a result of excesslive corrosion
between the skin and strap. TAT 15,450 hours.

(22) Extensive corrosion was found below the floor of the forward
cargo compartment from station L8O to T20.

(23) Ultrasonic inspection disclosed severe corrosion along the sides
of the ram air splitter vein and around the ram air door actua-
tor rod holes and a 16" crack underneath the splitter vein from

station 642 to 658. TAT 15,678 hours,

(24) The NIG collar forward segment was found cracked and the report-
ing operator attributed the crack to corrosion between the
faying surfaces of the collar and bushing. TSN 6,234 hours.

* (25) 4 12" crack was found in #l pylom fitting, P/N 65-18722-3.
TAT 4,259 hours.
b. Wing.
(1) During a main base check, the upper #10 left wing stringer at
station 656 was found cracked. TAT 14,536 hours.
* (2) The R/H MLG trunnion support beam, P/N 65-16230-4 (7079-T6 MTL) *

has been found cracked. TAT 14877 hours.

(3) During scheduled inspection, the L/H flap O/B carriage support
was found broken, P/N 69-39601-1. TAT 14,876 hours,

(4) Routine inspections disclosed six broken lobes on the R/H I/B
alleron balance panel forward hinge at a TAT of 14,056 hours and
ten broken lobes at a TAT of 15,400 hours. Nineteen forward
hinge lobes were found broken on the L/H 0/B aileron 0/B panel
at a TAT of 16,Th8 hours., '

(5) A main base inspection disclosed the R/E wing rib at station
686.5 cracked at the top at stringers #2 and 13 and at the
bottom at stringer #6. The rib at station 629 was also cracked
at the top at stringer #l4. The top stringer #8c¢ station 601
and top stringer #9c at station 686.5 were mlso cracked. TAT
15,270 hours.
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(6)

(7)

(8)

(9)

(10)

(11)

(12)

(13)

(14)

(15)

(16)

(17)

(18)

(19)

AC 20-84 CHG 1

The O/B alleron lockout support assembly was found broken at
statlon 661.25 on the R/H wing. TAT 6,577 hours.

During inspection, corrosion was found at the R/H wing station
k22 front spar lower cap. TS0 10,659 hours,

A cracked R/H MLG trunnion forward support wing attach fitting
was found during scheduled msintenance check, fitting P/N
69-19296-2, TAT 14,794 hours.

Routine service check disclosed the L/H wing O/B leading edge
mid-flap interspar rib cracked in two places at WBL 319.
TAT 11,647 hours.,

Routine inspection disclosed two cracks in the R/H aileron O/B
control rod, P/N 65-23544-1. TAT 6,804 hours. Similar cracks
have also been found in the L/H aileron control rod.

A 2 3/4" crack was found in support P/N 65-21640-1 at station
388, L/H I/B flap jackscrew forward sttachment. TAT 6,849 hours.

Scheduled inspection disclosed heavy corrosion on R/H wing rear
spar lower chord at station 601.5. TAT 20,030 hours.

Ultrasonic inspection disclosed a cracked MIG beam lower left
support link pin, P/N 69-14908 at body stetion 940. The crack
was three-fourths way around the circumference of the link pin.
TAT 16,604 hours.

On scheduled inspection, found #2, #13 and #14 outboard spoiler
actuator support fitting cracked., TAT 13,151 hours,.

Routine inspection revealed an 8=inch crack in radius of
upper spar cap at station 720 right wing, TAT 14,452 hours.

During inspection found L/H inboard flap drive gear box
cracked at three mounting lugs, TAT 15,517 hours,

Found right inboard flap inboard track cracked at mount bolt
hole for landing gear support beam,

During inspection found corrosion at R/H W, S. 422 front
spar lower cap, vertical tang, TS0 10,639 hours.

No., 7 spoiler actuator rod end failed and rod penetrated
flight spoiler, TAT 20,069 hours,
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C.

Page 8

Empennage .

(1)

(2)

3)

(4)

(5)

(6)

)

(8)

9

(10)

(11)

(12)

(13)

Forward hinge lobes on the R/H elevator #1 balance panel were
broken. TAT 14,255 hours.

During overhaul, a crack was found in the center section rear
spar forging of the R/H horizontal stabilizer. TAT 14,113 %
hours,

The L/H inner flange of the vertical fin stiffener #9 at
station 133.8 was found cracked. TAT 10,658 hours.

The #3 and #5 L/H elevator balance panele forward hinge lobes
were found broken. Number 3 panel had 29 broken and #5 panel
had six broken. TAT 14,056 hours,

A 2%" crack was found in the L/H elevator hinge support at the
0/B end of #3 balance panel. TAT 14,056 hours.

A 4" crack in the lower skin panel and a crack in the stiffener
were found at station 114 R/H elevator. TAT 14,056 hours.

During routine inspection, the trailing edge rib at station
136.5 R/H horizontal stabilizer was found cracked. TAT 9,244
houra. Cracked trailing edge ribs were also found in the

L and R horizontal stabilizer at station 114,97 at a TAT of
5,274 hours.

A 10" crack was detected in the lower L/H elevator skin at the
skin at the O/B end of the elevator tab, TAT 5,881 hours. A
2" erack was also found in the R/H elevator lower skin at O/B
end of the tab. TAT 5,563 hours.

A crack was found in the front spar web of the vertical fin aft
of station 1183, TAT 15,256 hours,

Scheduled imspection disclosed a cracked and broken stringer
in the vertical fin R/H side at approximately station 160.
TAT 2,159 hours,

Routine inspection disclosed a 1" crack in the R/H horizontal
stablilizer rear lower spar vertical leg at station 200, TAT
15,800 hours.

A 1" crack was found in the vertical leg of the R/H horizontal
stabilizer lower spar cap at station 135, TAT 15,828 hours.

During scheduled inspection, cracks were found In two elevator

hinge support brackets, P/N 65-16931-1 at stations 99,79 and
136.5.
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(14)

(15)

(16)

(17)

(18)

AC 20-84 CHG 1

Routine inspection disclosed a 2" crack in elevator hat gection
skin at station 173.21 and a 3" segment missing at station
99,79, TAT 7,628 hours,

The upper rudder hinge fitting was found cracked at the lower
lug, fitting P/N 65-23337-1. TAT 11,647 hours.

The upper rudder tab actuating fitting was found cracked,

P/N 65-6244-2, TAT 16,145 hours. On another aircraft, the
lower rudder tab rod attach bracket was cracked, P/N 65-17483-7,
TAT 6,361,

Three cracks in the O/B panel of the R/H horizontal stabilizer
spar and one crack in the I/B panel of the L/H horizontal
stabilizer spar were found during routine inspection, TAT
6,706 hours.

The L/H horizontal stabilizer spar flange was found cracked
at station 208, TAT 8,816 hours,

% d. Landing Gear.

(1)

(2)

(3)

Par 8

Inspection found #3 MIG wheel inner half broken. The inner
bearing and hub were separated from the wheel half. TSN 3,925

hours.

When lowering landing gear during approach, crew heard loud
bang. Insepection after landing revealed the R/H landing gear
retract cylinder and walking beam protruding through top of
wing. Operator reported probable cause as failure of beam,
P/N 65-17658-11, TAT 17,249 hours. Service Bulletin 32-167
describes installation of new steel beam,

buring scheduled inspection, the L/H MLG walking beam was found
to be cracked at the 0/B aft attach lug, P/N 65-17658-11.
TAT 9,891 hours. Service Bulletin 32-167 describes installation

of new steel beam. *
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Appendix 3

APPENDIX 3. NONDESTRUCTIVE TESTING

MAINTENANCE TOOL, Simply stated, nondestructive testing (NDT) is a tool
for performing maintenance inspection, This includes utilization of

such maintenance tools as ¥-ray, ultrasonic, magnetic particles, eddy
current, dye penetrant, and visual with or without magnification. *

a. Maintenance Inspection, NDT permits maintenance inspection without
removing components from aircraft or tearing down complex assemblies,
Defects in various aircraft systems which would escape detection
through normal visual inspection will be identified by NDT.

b. Training Required. Special NDT training is desirable to make sure
that the technician is capable of operating the equipment and inter-
preting the results, Also, many States require that an X-ray
technician have an approved certificate for use of X-ray in industrial
applications, This is to minimize improper use of X-ray equipment
with attendant health hazard.

METHODS AND APPROACHES FOR DAMAGE DETECTION. Information on the applica-
tion of NDT methods for the detection of fatigue damage is scattered
through literature on metal fatigue and literature on NDT, Few publica-
tions deal with this problem specifically. Some publications are limited
to laboratory investigations, and the NDTI application is conducted under
controlled laboratory conditions. Such investigations contribute
considerably to available knowledge and provide new or improved NDT
methods for field use. However, there is a great difference between

what can be done in the laboratory and what can be used in practical
applications under field service conditions,

NDI' METHOD IN FIELD AND SERVICE USE, Most of the NDT methods that are
used under field and service conditions are those capable of detecting
fatigue cracks of various sizes. These methods are described in books

on the subject of nondestructive testing and other publications such ag
reports, technical papers, and magazine articles., The NDT methods most
commonly used in the field and service for fatigue crack detection follow,

VISUAL INSPECTION, Visual inspection is the oldest, simplest, cheapest,
and most widely used of all NDT methods. The basic principal used in
visual inspection is to illuminate the object and examine the surface
with the eye. =

a. The surface should be adequately cleaned before being inspected.
Visual inspection for detection of fatigue cracks can be improved
by aids such as mirrors, lenses, microscopes, periscopes, and
telescopes. These devices compensate for limitations of the human
eye. Boroscopes permlt direct visual inspection of the interior of
hollow tubes, chambers, and other internal surfaces.
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b. The capabllity of visual inspection to detect a fatigue crack depends
on many factors such as the size and location of the crack, the illum-
ination used, optical aids employed, and skill of the inspector. It
1s often difficult to detect even & relatively large fatigue crack
that is located, for example, at the corner of a groove or that coin-
cldes with & machining mark. There are, of course, also limltations
on the size of cracks that can be detected by visual inspection,
depending on optical alds employed.

5. LIQUID PENETRANT. The liquid penetrant is one of the oldest methods of
nondestructive testing and is capable of detecting cracks that may be
impossible to find with the most careful visual inspection because eilther
they are too small or because they are difficult to detect due to their
location. The principle involves applying to the part surface a liquid
penetrant having a low-surface tension and low viscosity. When used on
a clean surface that the liguid will wet, the liquid is drawn into the
cracks by caplllary action, The presence of the liquld in the cracks is
revealed when, after wiping the excess liquid from the surface, a devel-
oper is applied that acts ilke a blotter and draws the liquid out.

a. There are two types of liquid penetrants in general use. One contains
a dye which usually glves a good color contrast againet the selected
developer; the other containe dissolved fluorescent material, which
makes it readily visible when viewed under s "black" (ultraviolet)
light.

b. Liquid penetrant imnspection is inexpensive and readily applicable to
field use., The surface must be cleaned before inspection and also
afterwvards to remove the developer.

6. MAGNETIC METHODS. Magnetic inspections are used to detect surface or
near surface discontinuities in ferromegnetic materials, and they are
well suited for the detection of fatigue cracks.

a. The principle employed here is that once a magnetlc fleld is Induced
in a materlal, any cracks and flaws that are present, will perturd
or distort that magnetic fleld. These methods are most sensitive
when the crack orientation and the magnetic fleld dlrection are per-
pendicular to each other. When they are parallel, the crack will not
be detected.

b. The magneticAparticle method is the most frequently used, It conslsts
of three basic steps:

(1) Establishment of the magnetic field in the part to be inspected.
(2) Application of magnetic particles to the surfaces of the part.

(3) Visuml examination of the surfaces for indications of fatigue
cracks. These indications are provided by the particles being

Page 2 Par 4
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