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FOREWORD

This report was prepared by the McDonnell Aircraft Company
(MCAIR), St Louis, Missouri, for the Structural Integrity Branch,
Structural Mechanics Division, Air Force Flight Dynamics Labora-
tory, Wright-Patterson Air Force Base, Ohio, under Contract
F33615-77-C-3124, "Effects of Service Environment on F-15 Boron/
Epoxy Stabilator". This contract was administered by C. L.
Rupert, Project Engineer, AFFDL/FBE.

The Structural Research Department of the McDonnell Aircraft
Company had the responsibility for the performance of this
program. The program manager for MCAIR was R. A. Garrett. The
principal investigator for MCAIR and author of this report was T.
V. Hinkle. Other MCAIR personnel contributing to this program and
their technologies are:

o J. W. Harvey and B. J. Colvin - Structural Analysis
Consultants from the F-15 Project.

o B. A. Dike - Operations Analysis

o R. J. Janitch - Thermodynamic Analysis
o T. S. Jones - Nondestructive Evaluation
o T. A. Sewell - Materials Evaluation

o J. F. Siller - Structures Laboratory

o W. D. Tims - Materials Laboratory

This report covers work accomplished during the period from
August 1977 through June 1979.

This report was released by the author in June 1979 for pub-
lication.




SECTION
I

II

III

IV

<

VII

TABLE OF CONTENTS

INTRODUCTION AND SUMMARY . « & « o o o o
NONDESTRUCTIVE EVALUATIONS . « « « o « &

1. STABILATOR PRIOR USAGE . « « ¢ « o
2. STRUCTURAL DESCRIPTION . . « « o« o
3. INSPECTION METHODS =« ¢ « « o + & .
4. NONDESTRUCTIVE EVALUATION OF EAGLE 14

STABILATORS ¢« o« ¢ o o o o o o o o o o
5. NONDESTRUCTIVE EVALUATION OF THE PDV

STABILATOR ¢« o« ¢ o ¢ o o o o o o o o

STABILATOR TEST PROGRAM « « « « ¢ o o« o+ &

1. LOADS USED FOR F-15A STABILATOR DESIGN AND

DESIGN VERIFICATION TESTING . . . .
2. TEST LOADS USED IN THIS PROGRAM . .
3. STATIC TESTS OF STABILATORS . . . . .
4. CORRELATION OF TEST DATA . . « .

MOISTURE CONTENTS OF TEST ARTICLE SKINS .

1. ENVIRONMENTAL HISTORIES . « « « « .« .
2. COMPOSITE SKIN THERMAL MODELS . . . .
3. MOISTURE DIFFUSION PROPERTIES . . . .
4. PROCEDURES FOR CALCULATING MOISTURE
5. MOISTURE HISTORIES =« ¢ ¢ ¢ ¢ o o o &
6. CORRELATION OF MEASURED AND PREDICTED

MOISTURE CONTENTS ¢« ¢ ¢ o o ¢ o o o &

SKIN MOISTURE PROFILES FOR PROJECTED F-15
DEPLOYMENTS ¢ « ¢ ¢ ¢ ¢ o o o o o o o o o

l. F-15 DEPLOYMENT PROJECTIONS . . . . .
2. MOISTURE-TIME PROFILES . « « « ¢ «

ELEMENT TEST PROGRAM ¢ ¢ ¢ ¢ ¢ o ¢ o o &
1. SPECIMEN DEFINITION . ¢ « « o o o o &
2. RESULTS OF STRUCTURAL ELEMENT TESTS .
3. EVALUATION OF PHYSICAL AND CHEMICAL
CHARACTERISTICS ¢ o« ¢ ¢ o o o o o o o

CONCLUSIONS ¢ « ¢ s ¢ ¢ ¢« o & o s o s s @

Preceding page blank

.

.

CONTENTS

PAGE

aww

15

67

67
69

15

75
75

85

92




TABLE OF CONTENTS (Continued)
APPENDIX PAGE
A EAGLE 14 ENVIRONMENTAL HISTORY « ¢ « ¢ o o o o o & 93
B PDV ENVIRONMENTAL HISTORY ¢ o « o o ¢ o o o o o o o 100

Cc BASE WEATHER DATA FOR PROJECTED F-15
DEPLOYMENTS ¢ ¢ ¢ ¢ o o o o o o o o o o o o o o o o 105

D RESULTS OF STRUCTURAL ELEMENT TESTS « « ¢ « ¢ « o« 28]

REFERENCES: ¢ ¢ o o o o o o o o o o o o o o o o o o o o o o 126

vi




LIST OF ILLUSTRATIONS

FIGURE PAGE
1 Usage History of Eagle 14 and PDV Stabilators . . 4
2 E=iiSs Stabni¥ator SEEUCEUEe o bt s & e b et s e 5
3 Torque Box from Eagle 14 Stabilator . . . . . . . 8 ;
4 Ultrasonic Inspection Record for Left-Hand |

Ragle T4 FOEQUE BOX o st o s ol s ol o o sl & o e ie e 9
5 Ultrasonic Inspection Record for Right-Hand
Eagle 4 TOrgue BOX: . . o « s s s o s e e el ele s 12
6 Ultrasonic Inspection Record for PDV Torque Box . 16
7 Blown Core Areas in PDV Torque BOX .« + « « o+ o+ . 19
8 Disbonds in PDV Root Splice Found Using
Ukt rasonEcs R R R i e e s e s 20
9 PRV Stabilater Repaidrs o o 5 e s o s o o s e v 21
10 Stabilator Loading SYStem . o « e o o o o o o o o 23
11 Comparison of Design and Test Loads +« « « « « + . 24
12 Strain Gage Locations for Data Analysis . . . . . 25
13 Stabilator Static Test SEtUpP « o &« s o s o & o 26
14 Eagle 14 Stabilator at 150% DLL ¢ o ¢ o o o s » 27
15 Tens@on Skin of Eagle 14 Stabilator After
Statlc Test ¢ s ¢« 5 s & s v ¢ & & & & & s o © = 29
16 Fracture in Root Splice of Eagle 14 Tension
BKIN, & % o o 6 5 e en wow S e e e e A e e e 30
17 Disbonds, Fractures and Delaminations in the

Falled Eagle 14 SKIN v s o & o o o s % s s & 5 3l

18 Disbonds of Eagle 14 Root Splice . . « « « « . . 32 |
19 Strains in PDV Torque Box and Trailing Edge

SEEUCEUEE o '+ = v v & @ 5 % ' % & B % % & @ 5% @ 33
20 Tension Skin of PDV Stabilator After Static

Test . - . . . . . . . . . . . . . . . . . . . . 35




LIST OF ILLUSTRATIONS (Continued)

FIGURE PAGE
21 Fracture in Root Splice of PDV Tension Skin . . . 36
22 Disbonds, Fractures and Delaminations in the

Eailed BBV SKin o o ol s e e e el e el ellier fa e e e e 37
23 Stabilator and Box Beam Test Results . . . . . . 39
24 Data for Thermodynamic Models of Torque Box . . . 44
25 Moisture Absorption in 4-Ply Boron/Epoxy Coupons. 49
26 Equilibrium Moisture Contents for Stabilator

Compositel SKinshic o o ciis laat S G I e e e 51 :

5

27 Diffusivity for Stabilator Composite Skins . . . 52
28 Program and Literature Diffusivity Data for

Unpainted AVCO 5505 BOXron/EPOXY « o+ o o o o o o 53
29 Range of Effective Diffusivities for Painted

and Unpainted BOron/EPOXY « « « o « o o o o o o & 54
30 Surface Cracks After Exposures to Severe

Laboratory Environments « « « « « o s o o o o o o 56
31 Upper and Lower Bounds on Predicted Skin Temper-

atures for the Eagle 14 Environmental History . . 57
32 Upper and Lower Bounds on Predicted Surface

Air Humidities for the Eagle 14 Environmental

HISEOEY o ¢ & o o o & 6 & o @ & % @ @ @ o @ & e 58
33 Predicted Moisture-Time Profile and Measured

Value for 14-Ply Eagle 14 Skins . « « « « « o« o+ & 60
34 Predicted Moisture-Time Profile and Measured

Value for 24-Ply Eagle 14 Skins . .« « « « « « o . 61
35 Predicted Moisture-Time Profile and Measured

Value for 38-Ply Eagle 14 SKins « « « « ¢« « o« « . 62
36 Predicted Moisture-Time Profile and Measured

Value for 14-Ply PDV SKiNS « ¢ o« ¢ ¢ o o o o o o 63
37 Predicted Moisture-Time Profile and Measured

Value for 24-Ply PDV SKINS « « « ¢ o o o o o o & 64
38 Predicted Moisture-Time Profile and Measured

Value fOl’.' 38-Ply PDV SkinS . . . . . . . . . . . 65

viii




FIGURE

39

40

41

42

43
44
45
46

47

48

49
50
51

52

LIST OF ILLUSTRATIONS (Concluded)

Distribution of Peak Moisture Contents
Predicted for F-15 Deployments . o« « « o o o &

Moisture-Time Profile in 14-Ply Skins Predicted
for a Median-Case Deployment . . « ¢ ¢ o o o &

Moisture-Time Profile in 14-Ply Skins Predicted
for a Worst-Case Deployment . « « « « o o o o« &

Moisture-Time Profile in 44-Ply Skins Predicted
for a Worst-Case Deployment . « « « « o« « « o« &

Specimen Layout on the Eagle 14,6 Tension Skin .

Specimen Layout on the Eagle 14 Compression Skin.

Specimen Layout on the PDV Tension Skin . . . .
Specimen Layout on the PDV Compression Skin . .

Eagle 14 Moisture Contents at Conclusion of
SEatic FesSE T T o R R e e e e e e e e

Maximum Moisture Contents Calculated for Use in
Element 'TesSEs o e e vlel & o o v & o oa e e el

Tensile Strength of Bonded Root Splice . . . .
Compressive Strength of Boron/Epoxy Skins . . .

Pyrograms Identifying Full Range of Pyrolysis
BEOAUCHESTE 4 olilon o o ol bon SRRVl o8 ol o o i e

Pyrogram Identifying Light Gaseous Products . .

ix

.

PAGE

70

7t

73

74
76

AT
74

78

80

80
82

85

89

90




TABLE

10

KL

12
13
14
E5
16
27
18
19
20

21

LIST OF TABLES

Nondestructive Evaluations Performed on Eagle 14
and PRV StabilataEs . e e o e s e sl s s e e e

Eaglietlid e stiBataliir i i ol e o e e s
EPY BesSt Rakal fer et Toi et ol S Lol e e e e e e

Test Pata Correlation: « o s s & & & & 5 & % e

Pedlk ‘Strain COMPariSOnsS. o sl s s o s o el e e e
Fagle 14% Stabilator HIStOEy « « « = & o « & &
PEV Stabilllator Hilstomys s S g et ot e e .

Emissivity and Solar Absorptivity Used for
Stabilator and Runway Surfaces . « « « o« o« o »

Overall Conductance and Radiation View Factors

Laboratory Environments Used for Determining
Moisture Diffusion Properties « « « « o« o o o &

Moisture Contents Predicted in Individual Upper
and Lower Skins and Measured Values . « « « « .

Bases Used for F-15 Deployment Projections . .

Projected 25-Year F-15 Deployments . « « « « &
Configuration of Stabilator Composite Skin. . .
Results of Bonded Joint TesSts ¢« « o « o o s« o

Shear Modulus Measured in Rail Shear Tests . .
Results of Compression TeStS .« « « « o « « o
Results of Flatwise Tension Tests « « « « & o &
Physical PLOPEEEies o o & ¢ o s © w & & & o & @
Full Range of Pyrclysis ProductsS .« « « o o o &

Light Gaseous Pyrolysis Products . « « o+ o o &

PAGE

28

34

38

88

41

42

46

46

48

66

68

68

79

81

83

84

86

87

90

ik




SECTION I

INTRODUCTION AND SUMMARY

g Laboratory tests of epoxy matrix composite specimens have

g repeatedly demonstrated that certain st:ictural properties are

¢ degraded by absorbed moisture. These strength reductions may be
i reversible or irreversible depending on whether the absorbed
moisture, in conjunction with thermal and mechanical loadings,
damages the epoxy matrix. There is, however, a lack of data on
the combined effects of moisture absorbed from actual service
environments and mechanical loads. These data are needed for
evaluation of the future highly-loaded composite structures which
must withstand temperature and humidity extremes over their
mission life.

In this program, the effects of exposure to realistic
environments and structural loads were evaluated using the F-15
horizontal stabilator as a typical composite structure. This
stabilator incorporates boron/epoxy skins in the main torque box
assembly. Effects of the extremes of USAF service environments
were evaluated by subsequent static testing of a stabilator which
previously was part of the F-15 climatic test program. Effects of
service life spectrum fatigue loadings and laboratory environ-
ments were examined using a stabilator which sustained static and
spectrum fatigue loads in F-15 design verification testing and a
subsequent long-term storage period.

This program was conducted in three phases:

Phase I - Nondestructive Evaluations

Phase II - Moisture Contents of Composite Skins
Phase III - Full-Scale Static Tests and Element Tests

Phase I consisted of nondestructive evaluation of the candi- 1
date stabilators for this program following their previous usage.
One of the two stabilators from the F-15 climatic test airplane
was selected as a test article following these evaluations. 3
Inspection results were compared with original production records
to detect any damage resulting from the interim service and
storage exposures. The stabilator used originally for F-15 design
verification testing was also nondestructively examined. Repairs
needed before use as a static test article were also accomplished
in this phase.

Phase II consisted of analytically predicting moisture con- 1
tents of the stabilator composite skins for a variety of different ‘
F-15 deployments. These analyses required development of thermo-
dynamic models of various locations in the composite skins and




experimental determination of moisture diffusion properties of the
boron/epoxy skin material. Moisture content histories were also
calculated for each of the test articles and predicted moisture
contents were compared with values measured at the conclusion of
the static tests to verify the predictive methodology. This
predictive methodology was used in conjunction with projected F-15
deployments to determine the maximum expected moisture contents.

Phase III consisted of full-scale tests of the two F-15
stabilators followed by element tests of specimens removed from
both failed articles. Both stabilators were loaded statically to
failure and the results compared to earlier design verification
test results. Composite skins were ultrasonically inspected to
locate undamaged areas from which additional coupons could be
machined. Coupons were used for evaluation of physical, chemical
and structural properties of the boron/epoxy skins and for
measuring moisture contents. Structural testing of these coupons
was conducted after conditioning them to preselected moisture
contents, including maximum expected moisture levels.

il it i




SECTION II

NONDESTRUCTIVE EVALUATIONS

A total of three stabilators were nondestructively evaluated
in this program. Two were from the F-15 climatic test airplane,
McDonnell serial number 14, and are referred to in this report as
Eagle 14 stabilators. One of the Eagle 14 stabilators was selected
as a test article following these evaluations. The third stabi-
lator evaluated was the preproduction article used for design veri-
fication, referred to herein as the PDV stabilator. Based on this
latter evaluation, repairs were defined and the PDV was refurbished
for use as the second test article in this program.

1. STABILATOR PRIOR USAGE - Prior usage of Eagle 14 and PDV
stabilators 1s summarized in Figure 1. Eagle 14 stabilators were
fabricated by August 1973 and then installed on Ship 14 which was
delivered to the Air Force in June 1974. As part of the F-15 cli-
matic test program, this airplane was stationed in the California
desert at Edwards AFB but saw temporary duty assignments in the
arctic (Eielson AFB), in the tropics (Howard AB), and again in the
desert (El Centro NAS). It was also exposed to temperature and
humidity extremes in the environmental test chamber at Eglin AFB.
At the conclusion of these tests, Ship 14 returned to St. Louis

in February 1976 and the horizontal stabilators were removed to
evaluate effects of these environmental extremes.

The PDV stabilator was fabricated by May 1971 for use as a
preproduction design verification (PDV) test article. In late
1971, it was subjected to spectrum fatigue loads equivalent to
16,000 flight hours, followed by two individual static tests first
to 150% of design limit loads (DLL) and then to 200% DLL. The PDV
sustained all loads with only minor damage. Following these
static and fatigue tests, this stabilator was used in a simulated
lightning strike test to evaluate the effects of current transfer
through support bearings at the fuselage/stabilator interface.

The PDV stabilator was then placed in storage until selected for
use in this program to evaluate the effects of loading extremes.

2. STRUCTURAL DESCRIPTION - The F-15A horizontal stabilators are

entirely moveable and may be actuated differentially, for roll
control, or collectively for longitudinal trim and pitch control.
Stabilator surfaces are symmetrical airfoil sections with no
camber, a 50° leading edge sweep, and an aspect ratio of 2.05.

Due to the midplane symmetry, the same stabilator can be installed
on either side of the F-15.
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Figure 1. Usage History of Eagle 14 and PDV Stabilators
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Eagle 14 stabilators are representative of production arti-
cles in that a "snag" was incorporated in the inboard leading edge
structure. The PDV stabilator was a preproduction article and had
no "snag". The stabilators were otherwise structurally identical
and are shown in Figure 2.

Trailing Edge Structure

Control Harn ;
Fitting Leading Edge
Structure

Spindle

Bonded Root Splice, Rear Spar —7
Titanium Splice Plate
Front Spar
Torque Box, GP79-0344-2
Boron/Epoxy Skins

Figure 2. F-15 Stabilator Structure
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The primary torque box is a bonded assembly of boron/epoxy
skins, aluminum full-depth honeycomb core, and titanium spars,
ribs and "picture-frame" splice plates. Skins for the Eagle 14
and PDV stabilators were fabricated from AVCO 5505 boron/epoxy
prepreg. Each was cured and post-cured and, in the same opera-
tion, bonded to the titanium splice plate using FM400 adhesive.
In a second operation, upper and lower skins were bonded to the
honeycomb core again using FM400. These boron/epoxy skins range
in thickness from 44 plies (.23-inch) at the root to 12 plies
(.06-inch) at the tip. Each skin is bonded to a step-lap splice
plate, which has five machined steps in the root splice and either
two or three steps on the remaining three sides.

At the inboard end of the torque box, splice plates, spars
and the torque rib are mechanically attached to a forged spindle
fitting. In the aircraft, the control actuator is attached to a
drive horn fitting which is bolted to the barrel section of the
spindle. The spindle and horn fittings transfer all stabilator
loads to the aircraft fuselage or, for this program, to the labo-
ratory test fixture.

Leading and trailing edge panels and the tip panel consist of
aluminum skins bonded to full-depth aluminum honeycomb cores
except for the snagged area of the Eagle 14 leading edge. Inboard
of the snag, the structure is composed of thin aluminum skins
riveted to stiffening ribs. Leading edge, trailing edge and tip
panels are mechanically attached to the primary torque box.

3. INSPECTION METHODS - Inspections performed on structural
components from the three stabilators are summarized in Table 1.
Through-transmission ultrasonics was used to inspect skin-to-core
bondlines and, for the torque boxes, boron/epoxy skins and bond-
lines between boron/epoxy and titanium skins. Pulse-echo ultra-
sonics was used to inspect skin-to-spar and core-to-spar bond-
lines. In-motion radiography was used for inspection of honey-
comb core, core splices, and core-to~spar bondlines. In addition,
static radiography was used to clarify thicker and more complex
areas of core~to-spar bondlines in the torque box.

Special emphasis was placed on further definition of any
defects in the torque boxes which were detected in these
production-type inspections. Disbonds found in a root splice of
the PDV torque box were further examined by analyzing the strength
and sequence of signals returned in a pitch-catch ultrasonic
inspection.




TABLE 1. NONDESTRUCTIVE EVALUATIONS PERFORMED ON EAGLE 14
AND PDV STABILATORS

Eagle 14 Eagle 14
. Left Ll Right
Inspection Method = =
Torque | Leading | Trailing Ti Torque | Leading | Trailing ) . Torque
Box Edge Edge ® Box Edge Edge Tip | Spindle Box
Automated Through-
Transmission Yes Yes Yes Yes Yes Yes Yes Yes Yes

Ultrasonic C-Scan

Pulse-Echo Ringing

Ultrasonic A-Scan Yes Yes Yes Yes Yes

Pitch-Catch Ultrasonic
A-Scan, Signal Analysis

In-Motion Radiography

Stationary Radiography

Dye Penetrant

Visual Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

GP79-0344-4

4. NONDESTRUCTIVE EVALUATION OF EAGLE 14 STABILATORS - The
stabilators were disassembled and both torque boxes, Figure 3, were
ultrasonically and radiographically inspected. Results of the
through-transmission ultrasonic inspection are shown in Figures 4
and 5. Squirter-coupled automated techniques were used. Sound
attenuation greater than 55 dB is printed as black areas on the
C-scan record; attenuation of less than 20 dB is represented by
white areas. Attenuation between these two values is represented by
various shades of gray obtained by the progressive darkening of a 4
X 4 dot matrix until solid black at 55 dB. The significant darken-
ing of the C-scan records along the thinnest step of the root splice
fitting is a response characteristic of all torque box inspections
and does not represent flawed areas. This darkening results from
destructive interference between the sound beam being transmitted
through the structure and a standing wave created by the unique
relationship of step thickness to input sound wavelength.

The original production inspection records were also reviewed
for evidence of flaws in the torque boxes. Static radiography and
through-transmission ultrasonics had been used for these inspec-
tions. The sensitivity of C-scan records was compatible with that
obtainad in this program, although the ultrasonic equipment and the
printout format for the C-scans differed from those currently used.

No defects were found from the current inspection records or
from the original production records. Consequently, the left-hand
stabilator from Ship 14 was selected for testing in this program on
the basis of compatibility with the test setup designed for the PDV
stabilator.
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Scan Increment 0.04 in.
Attenuation Range 20dB to 55dB
Sound Frequency 2.25 MHz
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Figure 4. Ultrasonic Inspection Record for Left-Hand Eagle 14 Torque Box
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Figure 4. (Continued) Ultrasonic Inspection Record for Left-Hand Eagle 14 Torque Box
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View B

Figure 4. (Concluded) Ultrasonic Inspection Record for Left-Hand Eagle 14 Torque Box
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Figure 5. Ultrasonic Inspection Record for Right-Hand Eagle 14 Torque Box
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Figure 5. (Continued) Ultrasonic Inspection Record for Right-Hand Eagle 14 Torque Box
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Figure 5. (Concluded) Ultrasonic Inspection Record for Right-Hand Eagle 14 Torque Box
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No defects were found in the leading edge, trailing edge and
tip panels of the Eagle 14 test article.

5. NONDESTRUCTIVE EVALUATION OF THE PDV STABILATOR - Components of
the PDV stabilator were nondestructively tested using the same
techniques that were used for the Eagle 14 test article. In addi-
tion, a thorough visual examination was made for conformance to the
requirements of the engineering drawing. Repairs were then defined
and completed prior to the use of this stabilator as a static test
article.

a. Torque Box - Through-transmission ultrasonics revealed two
disbonds, Figure 6, in the root splice area. These comprised approx-
imately 15% of the total bonded area of this root splice. In-motion
radiography revealed five small areas of blown core in outboard
sections of the torque box. Four of these areas, shown in Figure 7,
were adjacent to the front spar. All five were in the vicinity of a
core splice.

Disbonds at the root splice (Figure 8) were localized, using
pulse-echo ultrasonics, to the skin which had been tension-loaded
during the design verification static test. It was conceivable,
however, that these could have occurred within this boron/epoxy skin
on either side of the metal splice fitting, at either skin-to-
fitting bondline, or at the skin-to-core bondline. The depth of
disbonds was determined by a contact ultrasonic inspection in which
a dual transducer was used to send and receive ultrasonic signals.
The sequence and strength of sound echos from the various material
interfaces were used in conjunction with the known speed of sound in
the various media to locate the disbonds in the skin-to-fitting
bondline nearest the honeycomb core. This was verified upon dissec-
ting the root splice after the static test.

None of these defects appeared in the original production
inspection records or in the limited inspection conducted after the
static and fatique tests in the design verification program. After
static and fatigue tests, the torque box was reinspected using
static radiography. Disbonds would not normally be detected in
X-rays, so it's possible that these occurred during the structural
tests. Blown core, however, would have appeared in X-rays but did
not. Thus, these defects occurred after the structural tests
possibly as a result of the simulated lightning strike tests.

The disbonds in the PDV root splice were not repaired. Effects
of large disbonds were evaluated in Reference 1 for this step-lap
joint configuration; results of these tests indicated that PDV
disbonds would not have a significant impact on static failure
levels. Also, the areas of damaged core in the torque box were not
large enough to require a repair.
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Figure 6. Ultrasonic Inspection Record for PDV Torque Box
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Figure 6. (Continued) Ultrasonic Inspection Record for PDV Torque Box
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Figure 6. (Concluded) Ultrasonic Inspection Record for PDV Torque Box
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Figure 7. Blown Core Areas in PDV Torque Box
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Figure 8. Disbonds in PDV Root Splice Found Using Ultrasonics

b. Metallic Structural Components and Fittings - Visual inspec-
tion of leading edge, trailing edge and tip panels and the spindle
fitting revealed numerous defects which required repair. These are
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