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PREFACE

The University of Dayton, teamed with Lockheed-Georgia
Company and Vought Corporation, are conducting a study of Force
Management Methods under Contract F33615-77-C-3122 sponsored by
the Air Force Flight Dynamics Laboratory Structures Branch (AFFDL/
FBE). Mr. Terry D. Gray is the Air Force Project Engineer. The
contractor program managers are Larry E. Clay (University of Dayton),
Doug S. Morcock (Lockheed), and Ned H. Sandlin (Vought).

The objective of the program is to describe applicable
force management methods in an Air Force handbook for use by Air
Force and industry engineers as a guideline in selecting methods
of complying with the requirements of MIL-STD-1530A. The methods
to be addressed include the development and execution of a force
structural maintenance plan; the design, data collection, and
analysis of a loads/environmental spectra survey of fleet operations;
and the design, implementation, and analysis of an individual
aircraft usage tracking program with applications to structural
maintenance scheduling and planning. The University of Dayton
will study data collection and processing methods. Lockheed-
Georgia and Vought will study analysis and application methods and
structural maintenance management for transport/bomber and attack/

fighter/trainer aircraft types, respectively.

The program was started in September 1977. Task I,
completed and reported herein, is a state-of-the-art survey of
force management methods. Task II will be initiated after approval
of this report and will develop improved methods of force manage-
ment for utilizing fracture mechanics techniques and crack growth
gages, mechanical strain recorders, and microprocessor-based digital
recording systems. Task III will be the preparation and distribu-
tion of the handbook.

The University of Dayton prepared this report, incorporating

edited portions of Reference 1 and 2 which were prepared, respectively,

by Lockheed and Vought. The report has been reviewed by these
companies and their comments have been incorporated. However, the
report should be understood as a reflection of the programs under

discussion, not as an indication of individual company positions.
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SECTION I
INTRODUCTION

Within the Air Force Aircraft Structural Integrity Program
(ASIP) as described in MIL-STD-1530A, a task called "Force Manage-
ment" is defined. Force Management is defined as "those actions
that must be conducted by the Air Force during force operations
to ensure the damage tolerance and durability of each airplane".
This military standard and its related specifications have provided
a new approach to structural design. Instead of requiring the
demonstration of a crack-free safe fatigue life of four times the
design service life, the new approach requires the assumption of
initial production flaws in the structure and the design for
inspectability or for fail-safe or slow-crack growth so that failure
is not reached before a period equal to twice the design service
life.

Programs to evaluate the structural "durability" and
"damage tolerance" have been completed or initiated on all new
aircraft systems and on most existing aircraft systems. The
methods for performing these analyses, for the collection of
operational data, and for the interaction of the structural analyses
with the structural inspection program are as varied as the aircraft

systems to which they have been applied.

The elements of force management include an individual
aircraft tracking program (IAT), a loads/environmental spectra
survey (L/ESS), and a force structural maintenance plan (FSM).

In addition, force management includes update of the design
analyses, the development of inspection and repair criteria, and the

formation of a structural strength summary.

The elements of force management are integrated as
illustrated in Figure 1-1 to protect the structural integrity of
the force. As shown, the initial tracking analysis and force
structural maintenance plan are based on design usage spectra.
When the L/ESS has defined a baseline operational spectra, the
tracking analysis and force structural maintenance plan can be




TABLE 1.1

STATE-OF-THE-ART SURVEY
COVERAGE BY ORGANIZATION

NASA-LANGLEY
NAVY-NAVAIR
TECHNOLOGY INC.

USAF AFSC USAF AFLC AIRFRAMES
A-10 SPO HQ AFLC BOEING-SEATTLE
C-5 SPO 0C-ALC BOEING-WICHITA
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revised to reflect the observed operation. Some force management
systems have been designed to continue the L/ESS program and to
periodically revise the tracking analysis with current operational

spectra data.

As defined in MIL-STD-1530A, the individual aircraft tracking
program will predict potential flaw growth in initial areas of each
airframe that is keyed to damage growth limits of MIL-A-83444,
inspection times, and economic repair times. An individual aircraft
tracking analysis method will be developed to establish and adjust
inspection and repair intervals for each critical area of the
airframe based on the individual airplane usage data. The analysis
will provide the capability to predict crack growth rates, time to
reach crack size limits, and the crack length as a function of the
total flight time and usage data. Tracking data acquisition will

start with delivery of the first operation airplane.

The L/ESS (loads/environmental spectra survey), in MIL-STD-
1530A, will obtain time history records of those parameters
necessary to define the actual stress spectra for the critical
areas of the airframe. It is envisioned that 10-20 percent of
the operational airplanes will be instrumented to record L/ESS
data starting with delivery of the first operational airplane.

The L/ESS duration is assumed to be 3 years or when the recorded
flight hours of unrestricted operation reaches one design lifetime.
Provisions must be made to detect a significant change in usage
which would require further update of the baseline operational
spectra. These provisions may be part of the individual aircraft

tracking program.

A force structural maintenance plan, as defined in MIL-STD-
1530A, will identify structural inspection and modification
requirements and the estimated economic life of the airframe.

The plan will include detailed information (when, where, how and
cost data) and will be used for budoetary planning, force structure
planning, and maintenance planning. The plan will be initially
derived from design usage spectra and will be subsequently updated
to reflect operational usage spectra provided by the L/ESS

program.



The work reported herein covers a review of the current
force management methods as described in the literature and during
contacts with all principal organizations with Air Force force

management activities. Table 1.1 lists the organizations contacted.

This Task I report describes the current methods, the
coordination aspects of force management, criteria for selecting
methods, current methods recommended for future applications,
guidelines for application of methods, and recommendations for

developing improved methods.

The appendices include an outline for a force management
handbook, summaries of force management programs on current
aircraft systems, and a copy of TO 1lF-4C-6ASI-1 (an F-4 structural

inspection document).




SECTION II
SUMMARY OF CURRENT METHODS

Methods of force management are a complex interaction of
several organizations attempting to maintain, or improve, the
structural integrity of their assigned aircraft system. Although
the force management methods are treated herein as three separate
tasks - IAT, L/ESS, and FSM - it is generally recognized that the
method of approach to these tasks can not, and must not, be con-
sidered independently. Some organizations simplify the selection
of methods by including the L/ESS as an integral part of the IAT
or of the FSM and thus reducing force management to two tasks -
IAT and FSM. The current force management requirements were
finalized in MIL-STD-1530A during 1975. There has been a continuing
evolution of different ASIP requirements through the years such

as:

ASD-TN-61-141 in 1961
ASD-TR~66-57 in 1968
MIL-STD-1530 in 1972

Because of the changing requirements, different techniques have
evolved for force management, such as fatigue vs crack growth and
testing to four lives vs one life. The aircraft now in the Air
Force inventory have been designed, tested, and managed in various
ways according to which of the above requirements was specified
during procurement. Some aircraft types have been "upgraded" to

varying degrees of more recent ASIP requirements.

During this study, working level technical personnel from
forty-seven aircraft and instrument companies, using commands,
and other government agencies were interviewed to determine methods
currently used in aircraft structural force management. This
section summarizes these methods. Additional details are included

in the Appendices.



Aircraft

B-1
B-52
C-5A
c-9
C-130
C/KC-135
C-140
C-141
E-3A
FB-111A
KC-10A
7-39
T-43

TABLE 2.1

AIRCRAFT SYSTEMS SURVEYED

TRANSPORT/BOMBER SYSTEMS

Fleet
_Size
3
349
7
23
711
751
15
211
40
67
20¢
142
19

Fleet
Aircraft Size
A-TD 400
A-10 733*
A-378 200
F-4 1978
F-5 EIF 91%*
F-15 149*
F-16 *
F-100 2292
F-105 200
F-111 531
T-37 700
T-38 920

* Planned
** USAF Fleet Only

Primary

Mission_
Strategic Bombing
Strategic Bombing
Logistics
Med. Evacuation
Logistics
Transport/Tanker
VIP Tranport
Logistics
Airborne Alert
Attack
Cargo/Tanker
VIP Transport
Nav Training

Primary

Mission
Air-Ground
Air-Ground
Air-Ground
Air-Ground
Air-Ground
Air-Air
Air-Air
Air-Ground
Air-Ground
Air-Ground
Basic Training
Advanced Training

Manufacturer

Rockwell
Boeing
Lockheed
Douglas
Lockheed
Boeing
Lockheed
Lockheed
Boeing
General Dynamics
Douglas
Rockwell

Boeing

ATTACR/FIGHTER/TRAINER SYSTEMS

Manufacturer

Vought
Fairchiid-Republic
Cessna

McDonnell
Northrop
McDonnell
General Dynamics
Rockwell
Fairchild-Republic
General Dynamics
Cessna

Northrop

System
_Manager
AFSC/ASD
0C-ALC
SA-ALC
SA-ALC
WR-ALC
0C-ALC
WR-ALC
WR-ALC
AFSCIESD
SM-ALC
AFLCIALD
SM-ALC
SA-ALC

System
Manager
0C-ALC
AFSCIASD
SA-ALC
00-ALC
AFSC/ASD
AFSCIASD
AFSC/ASD
SM-ALC
SM-ALC
SM-ALC
SA-ALC
SA-ALC



The force management methods used for the aircraft listed
in Table 2.1 were considered during the state-of-the-art survey.
A questionnaire form was completed for each aircraft type and
these forms are included in Appendix B.

2.1 INDIVIDUAL AIRCRAFT TRACKING (IAT)

An individual aircraft tracking (IAT) method comprises
the definition of structural control points at which life remaining
will be predicted, the selection of usage parameters suited to
life estimation, a data collection technique, and a data reduction

and analysis scheme.

Structural control points are selected on the basis of
cyclic test results, analytical safety margins, service
structural failure experience, and engineering judgment. It
is not likely that this technique for selecting control points

will change in the foreseeable future.




TABLE 2.2
TYPICAL FLIGHT CONDITION USAGE PARAMETERS

Flight Segment Type
(Taxi, Takeoff, Climb, Cruise, Refueling, Etc.)
Landing Event
Weight and Distribution
(Cargo Weight, Fuel Weight)
Aircraft Configuration (If Appropriate)
Altitude
(Gust Environment)
Segment Duration
Mission Type

Airspeed

10



2.1.1 Current Transport/Bomber IAT Methods

The selection of usage parameters to be monitored
depends on the particular aircraft system to be tracked and
cannot be separated from the selection of the data collection
technique. Usage parameters can generally be divided into two
groups, those which monitor loads or stresses directly and those
which monitor occurrences or durations of specific flight condi-
tions from which the loading environment can be inferred based on
the L/ESS data sample. The latter group of parameters are
monitored by most, if not all, tracking programs for large flexible
aircraft. These aircraft are more sensitive to the high frequency
loads caused by turbulence and ground operation than to the low
frequency maneuver loads. Thus, the dynamic response to these
loads may make it impossible to compute stress histories over
the entire airframe from a few monitored stresses. Therefore,
the methods presented in this paragraph will be restricted to
those which monitor flight condition usage parameters. (Other

methods are presented in Paragraph 2.1.2).

Flight condition usage parameters are presented in
Table 2.2 in their approximate order of importance. Variations
of this list are used by each aircraft system with appropriate
additional data for tracking peculiar structural problems or

operational capabilities.

All transport/bomber aircraft with IAT programs
currently use a form, commonly called a "pilot's log", filled out
by a crew member as the means of data collection. The FB-111lA is
also equipped with counting accelerometers and the CT-39 is
planning to use a mechanical strain recorder, but these devices
are normally associated with the smaller aircraft classes and

will be discussed in Paragraph 2.1.2.

11




The current transport/bomber IAT methods have been
summarized into the six general methods listed in Table 2.3. These
methods are described in the following paragraphs. Table 2.4 indicates
which method is utilized by each of the surveyed aircraft systems. A
more detailed description of the IAT for each system is presented

in Appendix B.
2.1.1.1 Method 1 - Flight Hours/Landings

One airplane (CT-39) is tracked by flight
hours, i.e., the total number of flight hours is multiplied by
fatigue damage coefficients for each control point. This is
perhaps the simplest individual aircraft tracking system possible,
and is probably sufficient for an airplane where all control
points are flight critical and all missions are very similar.

Many aircraft are tracked by flight hours to some extent with some
structural inspections scheduled by hours. If the ground-air-ground
cycle is determined to be significant, some accounting would have

to be made for the number of flights also. Figure 2.1 shows the

Method 1 procedure and analysis scheme.

Flight hours and landings are reported as
part of the individual airframe operation and maintenance records.
A relation between fatigue damage or crack growth and flight hours
or landings is determined for a composite mission mix based on
design or recorded L/ESS data. The basic premise of this method,
then, is that this relation is not significantly affected by
changes in operations between the individual aircraft in the force.
Thus, all structural planning and scheduling can be accomplished
with sufficient accuracy solely on the basis of total airframe

hours and landings and on the past and current utilization rate.

2.1.1.2 Method 2 - Parametric Fatigue Damage Tables

This is the most common current IAT
method. Most aircraft systems will, however, abandon this method

in the near future and will track crack growth instead.

12



METHOD
METHOD

METHOD

METHOD

METHOD

METHOD

1
2

3

4*

5%

6*

TABLE 2.3

TRANSPORT/BOMBER IAT TRACKING METHODS

FLIGHT
PILOTS

PILOTS

PILOTS

PILOTS

PILOTS

HOURS/LANDINGS
LOG + TIME BY DATA BLOCK

+ PARAMETRIC FATIGUE DAMAGE TABLES
LOG + EQUIVALENT MISSION TYPE

+ MISSION FATIGUE DAMAGE TABLES
LOG + TIME BY DATA BLOCK

+ PARAMETRIC CRACK GROWTH TABLES
LOG + EQUIVALENT MISSION TYPE

+ MISSION CRACK GROWTH TABLES
LOG + CALCULATED STRESS OCCURRENCES

+ CYCLE-BY-CYCLE CRACK GROWTH

* These methods were presented in Reference 8. Although not

being used operationally, they are being considered during

current IAT program revisions.

13



Aircraft

B-1
B-52
C-5A
c-9
C-130
C/KC-135
C-140
C-141
E-3A
FB-111A
KC-10A
T-39
T-43

Current

Method

None

TABLE 2.4
TRANSPORT/BOMBER IAT PROGRAM SUMMARY

DADTA
Status

Minimum
In Work
Completed
None
Pending
In Work
None
Completed
In Work
None
Pending
In Work

None

14

Pending IAT
Revision

None

4, 5, or 6
4 or 5
None

None

4, 5, or 6
None

4 or 5
4 or 5
None
Unknown
MSR?

None
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As shown in Figure 2.2., IAT METHOD 2
utilizes pilots logs to determine the time spent in selected data
blocks. During program development, the rate of damage accumulation
in each data block was calculated from a recorded sample of
operational data. It is assumed that the loads within each data
block (whether maneuvers, turbulence, ground, etc.) for prolonged
operation of an individual aircraft will eventually approximate
that recorded for the same data block during the operational
data sample. Periodic review and update of the parametric
fatigue damage tables is necessary to make sure that the operational

data sample is current.

Of course the fatigue damage approach
assumes that the accumulation of damage can be considered linear,
i.e., independent of the sequence of applied loads.‘During normal
operational usage, the actual loading sequence becomes less important
as the total hours on an airframe increases, and the resulting
cuniulative damage index is considered adequate as an "indicator"
for planning force structural inspections and modifications or for
adjusting aircraft utilization.

The parametric fatique damage tables
are generated for each structural control point. A loads spectrum
(and a stress cycle spectrum) is developed for each data block and
for each control point from a sample of recorded data. With this
data and a set of SN data for each control point, a damage rate
( £ n/N per hour or per occurrence) is computed for each data
block. )

The output of this method may be a fatigue
damage index as shown in Figure 2.2 or "equivalent hours" of a

representative spectrum as used for the C-5A IAT.
2.1.1.3 Method 3 - Mission Fatigue Damage Tables

This method is similar to METHOD 2 except
that the pilot log data is processed into the time spent in
standard missions (instead of data blocks). This method is

illustrated in Figure 2.3.

17
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The description of a standard mission may
include takeoff gross weight, takeoff fuel weight, flight purpose,
and flight profile data (i.e., percentage of time in low level,
percentage of time refueling, number of airdrops, etc). Between
50 and 500 standard missions may be required to adequately cover
the mission variables. As in METHOD 2, it is assumed that the
loads for a given mission category during prolonged operation of an
individual aircraft will eventually approximate the average recorded

operational data sample.

METHOD 3 represents a significant
reduction in the number of fatigue damage calculations required to
fill the parametric tables but the data reduction is complicated

by the mission classification logic.

2.1.1.4 Method 4 - Parametric Crack Growth Tables

This crack growth tracking method is
similar in concept to the fatigue method in METHOD 2. This method

is being considered for use by several aircraft systems.

The crack growth analysis differs from
the fatigue damage analysis in that it is nonlinear, i.e. crack
growth rate is a function of loading sequence and existing crack
length. BAn initial flaw size is assumed to account for material
and fabrication defects which initiate cracks. This initial flaw
size can be assigned a high value (e.g. 99.9 percent probability level)
for a damage tolerance or safety analysis or an average value
(e.g. 50 percent probability level) for a durability or economic analysi
Thus, each structural control point can have a "safe" life and an
"economic" life. The "safe" life approach is used in scheduling

inspections to protect the structural integrity.

From a recorded operational data sample,
as shown in Figure 2.4, stress exceedances are derived for each
data block and a sequence of stress cycles is generated in some
random fashion. A crack growth computer program then generates a
crack growth rate as a function of crack length for each data

block. These rates become the parametric crack growth tables.
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During the operational part of this method,
the pilot log data is converted to time spent in each data block.
The crack growth for each data block is the product of the time
and of the crack growth rate (a function of the data block and the
crack length at the start of the data block). The retardation
effects of loading sequence are either included in the crack
growth rates based on typical sequences or are included in the

form of an adjustment after specific flight segments.
2.1.1.5 Method 5 - Mission Crack Growth Tables

This method, described in Figure 2.5, is
quite similar to METHOD 4 except the crack growth tables are in
the form of crack growth per flight for selected mission categories.
The mission categories must include breakdown by mission parameters
as takeoff weight, takeoff fuel weight, flight purpose, percentage
of time in low level, etc. Between 50 and 500 mission categories

would be required to cover the mission parameters.

Because of the cost of generating crack
growth curves and the reduction in the number of curves to be
generated, the cost of the program development is lower for
METHOD 5 than for METHOD 4.

An advantage of treating crack growth for
an entire flight as in METHOD 5 is that sequence effects within
a mission can be accounted for more rigorously for "standard"

missions. It is not suitable for non-"standard" sequence, however.
2.1.1.6 Method 6 - Stress Occurrence Tables

In this method, stress exceedance curves
are generated for each data block (or mission segment) and stored

in parametric stress occurrence tables as shown in Figure 2.6.

During IAT operation, the pilot log data
is converted to time in each data block. The stress occurrence
tables for each data block is adjusted for the time Spent‘and a
sequence of stress cycles is generated for the flight by summing

23
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the data blocks. Then a cycle-by-cycle crack growth computer
program computes the crack growth for the flight based on the
crack length at the beginning of the flight.

This method allows more flexibility in
the sequencing of loads within each flight, but at a significant

increase in computer time.
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2.1.2 Current Attack/Fighter/Trainer IAT Methods

The objective of the IAT program as specified in
current requirements is to monitor the ﬁsage of each individual
airplane and to provide structural inspection and maintenance
schedules based on predicted flaw growth. However, before fracture
mechanics techniques were available, the objective was the same
except it was based on accumulated fatigue damage. This has resulted
in the current IAT programs being basically split into two categories,
fatigue or crack growth, according to when the aircraft was designed.
Some of the aircraft, the F-16 in particular, have been developed
under the new requirements and do not currently have all the parts

of force management in operation. In these cases, the planned

efforts will be considered current state-of-the-art.

In general, there are five steps to IAT:

Data Source
Data Collection and Processing

Damage Calculation

0O O O o

Results and Presentation

o Use of Results

Five general methods have been described in this section to

represent the current IAT methods as shown in Table 2.5. Table
2.6 indicates which of the five general methods is applicable to
each A/F/T aircraft. This table also presents the status of the
durability and damage tolerance assessment (DADTA) and whether a

change in tracking method is expected.
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TABLE 2.5
ATTACK/FIGHTER/TRAINER IAT TRACKING METHODS

METHOD 7 AFM 65-110 DATA + TIME BY MISSION

+ MISSION FATIGUE DAMAGE TABLES
METHOD 8 FORMS + TIME BY MISSION

+ MISSION FATIGUE DAMAGE TABLES
METHOD 9 FORMS/COUNTING ACCEL + Nz COUNTS BY MISSION

+ PARAMETRIC FATIGUE DAMAGE TABLES
METHOD 10 COUNTING ACCEL + Nz COUNTS BY MONTH

+ NORMALIZED CRACK GROWTH CURVES
METHOD 11 MSR + STRESS EXCEEDANCES BY 50 HR

+ NORMALIZED CRACK GROWTH CURVES

TARLE 2.6
ATTACK/FIGHTER/TRAINER IAT SUMMARY

Current DADTA Pending IAT
Dircraft Method Status Revision
A-7D 10 Completed None
A-10 9 In Work? 10
A-37B 8 Pending None
F-4 10 Completed None
F-5 9 In Work Crack Growth
F-15 9 Completed Crack Growth
F-16 11%* In Work None
F-100 7 None None
F~105 7 Limited None
F-111 9 Completed None
T-37 None Pending? None
T-38 None In Work None

* Planned
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There are four sources of IAT data currently being

employed:

AFM 65-110 Data
Special Forms
Counting Accelerometers (CA)

0O 0O O O

Mechanical Strain Records (MSR)

A discussion of these data collection methods is described briefly

in the following paragraphs and in more detail in Section 2.4.

For two of the older aircraft (i.e. F-100 and F-105)
the data source for IAT consists of gathering information from
existing 65-110 data tapes. This data, as part of the overall
AFM 66-1 reporting system, consists of flight~by-flight information

as follows:

Data

A/C serial number
Organization/location (base)
Flight time (for this mission)

Mission symbol

0O 0O 0O 0 0O O

Number of landings
The type of mission codes (categories) specified are:

o Training - Student
Crew
Operations
0 Operations - Combat
Support
Delivery
Reconnaissance
o Functional Check Flight
o Other Missions
This data is entered into the 65-110 system from the AFTO Form 781.

For most A/F/T aircraft, a unique form for each
type aircraft is required to be filled out by flight/ground crew on
a flight-by-flight basis or elapsed time period. This form by~passés the
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Aircraft

A~-7

A-10

-4

F-5

F-15
F-111 A/E
F-111 D/F

COUNTING ACCELEROMETER PARAMETERS

TABLE 2.7

COUNTERS
nz n
3

7

3

5

3

3

3.5

3
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normal AFM 66-1 procedures and is sent directly to the ALC, ASIMIS,
or airframe contractor. This form may include the written infor-

mation needed for the CA or MSR programs.

To complete the form, substantial data is required

such as:

Data and base

A/C serial number
Flight hours

Fuel information
Mission code

Store configuration
Landings

Refuelings

Weights

0O 0 0O 0O O O 0O 0 0

The information included on the form is generally
a function of what the airframe contractor has deemed necessary for

damage tracking.

The F-4, F-5, F-15, F-111, A-7, and A-10 aircraft
use counting accelerometers for IAT. The CA system consists of a
transducer and an indicator which are activated by a "gear up"
switch. The system senses and records the number of times each
preset airframe vertical acceleration value is equalled or
exceeded. The indicator displays these counts. The present levels
for each aircraft are listed in Table 2.7. 1In addition, the
indicator for the F-5, F-111l, and the A-10 have an elapsed
time indication (ETI) window that show the time in flight. Because
of the wing sweeping design of the F-111, each aircraft actually has
two indicators. One indicator counts only while the wing is swept
in the forward position, while the other counts only in the wing

aft position.

The MSR (Mechanical Strain Recorder) is a self
contained mechanical device capable of sensing and recording total
deformation over the effective gage length of the structure to which
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it is attached. A tensile deformation in the structure causes a
stylus to make a scratch on a metal foil tape contained in a
cartridge. The magnitude of the scratch is proportional to the
deformation. Also, the metal foil advances in proportion to the
scratch magnitude. The cartridge is replaced by an unused one and is
sent to the data reading facility at ASIMIS along with supplementary

cartridge data. This reported data consists of:

Date of removal
Aircraft serial number

Location/Base/Squadron

O O O o©°

Total aircraft flying hours

Currently, there are no IAT programs using MSR's. There are one
hundred MSR's presently being installed in F-5A/B aircraft owned
by foreign countries. However, these are only in 20% of the 500

aircraft force. This program is not operational.

There are firm plans to install MSR's in every F-16.
Even though this program is not up and going it can be considered

current state-~of-the-art.

The data processing methods are described in Section
2.5, however, for the A/F/T aircraft IAT systems there are two
distinct approaches which should be mentioned here. The first
approach is the straightforward flight-by-flight processing which
considers the data from each flight independently. Thus, the
mission type, the takeoff configuration and weight, and other mission
information can be used to define the loading environment for that
flight. 1In the second approach (used for the F-4 and the A-7), the
IAT data for an aircraft is reported and processed in monthly units.
In this case, it is impossible to assign a specific mission, con-
figuration, or weight to any data unit. Therefore, average load
conditions are selected based on a monthly mission mix for each
individual aircraft which appears to match the recorded counting

accelerometer data during that month for that aircraft.
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2.1.2.1 Method 7- Mission Fatigue Damage Tables
(AFM 65-110)

The concept of determining the accumulated
fatigue damage on several attack/fighter/trainer aircraft is based
on the Miner's linear cumulative damage theory. Failure at a point
is predicted when the damage summation equals unity (D=In/N=1),
where n is the number of loading cycles and N is the number of
cycles to failure at a specified stress level. All of the mentioned
aircraft are generally treated in the same manner with only slight
variations, each of which will be described. In every case, more
than one location in the aircraft structure is considered for
fatigue damage accumulation. These "fatigue critical points" (FCP)
have usually been identified by lab tests, flight tests, and/or
fatigue analyses.

Cumulative fatigue damage, D, can also be
determined from the summation of all the various sources of damage,

each of which is a product of usage and rate

D = I damage sources = L U -DR
where in the case of the A/F/T aircraft, the usage function U, and

damage rate DR, take on meanings such as:

DAMAGE SOURCE

u DR
number of flight hours . damage per flight hour
number of landings . damage per landing
number of flights . damage per GAG cycle
CA occurrences of g-level . damage per g-level occurrence
number of equipment cycles . damage per cycle

Each A/F/T aircraft considers various combinations of these damage
sourcés in determining the total accumulated damage. The F-100
and F-105 damages are comprised of ground-air-ground cycles and
maneuver cycles only, where the maneuver cycle is the product of

flight hours and damage per flight hour.
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For Method 7, the accumulated damage
is used in conjunction with a scatter factor in determining the
appropriate "indicators" or "indices" required to make inspection,

maintenance, and modification decisions. The indicators used are:

Remaining life (hours, years, or%g)
Service life (hours or years)
Life expended (hours, years, or %)

Damage (accumulated damage number itself)

O O O O

For the F-100 and F-105, the scatter factor used in deriving the
indicators is applied to the damage rates (DR) that are determined
from the L/FSS analysis. This essentially increases the cumulative

damage (D) value before comparison to the allowable damage at a

point is made:

DR(damage rate)= actual damage rate x scatter factor

(damage) = XU-DR
and
RL (remaining life) = iﬁ%—:Jl——
FUTURE
where DR is the predicted damage rate (which includes the

FUTURE
scatter factor) for the future of the aircraft. This may be in

terms of damage per flying hour or per year and may represent

base or force wide averages as well as individual aircraft past

performance. Then

service life = percent hours (or years) + RL

and
¢ life expended = Dx 100

Figure 2.7 summarizes the procedures
and analysis used in Method 7 for IAT with AFM 65~110 data. In
this method, the damage rate data is developed on a per hour and
per landing (or ground-air-ground cycle) basis for each mission
type. This method is used for the F~100 and F-105 IAT.
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2.1.2.2 Method 8 Mission/Configuration Fatigue

Damage Tables

Method 8 is summarized in Figure 2.8,
This method utilizes a special form for data collection similar to
the forms in Method 3. The major difference between Method 8 and
Method 3 is that Method 8 considers takeoff configuration as well
as mission type as a parameter. This method is used only for the
A-37B IAT.

The A-37 accumulates fatigue damage
according to the product of number of flights and the damage rate
per flight, which includes the taxi and maneuver damage in the rate.
The computation of life remaining is essentially the same as that
described in Method 9.

2.1.2.3 Method 9 - NZ Count Fatigue Damage Rates

Method 9, as shown in Figure 2.9, is an
Ny,
recorded counting accelerometer counts as well as flight time

count fatigue damage rate approach. This method uses the

and landings as variables to relate damage to individual aircraft
operation. This is the most popular current method of using counter
accelerometer data, however, the conversion to crack growth tracking
will force many A/F/T aircraft away from this approach in the near
future.

All of the aircraft using Method 9
(ie. F-5, F-15, F-111, and A-10) use the product of CA
occurrences and damage per occurrence. In actuality, the damage
rate values (DR's) used in the damage calculations for each
critical point are supplied in smaller sub-categories, each
identified by mission type and base. Thus, the damage accumulated

at each particular structural critical point is:

D =3 5%
i 5k Yisk T PRiske

where i is the base identifier

j is the type of mission
k is the damage source type
¢ is the fatigue critical point identifier
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and
Ui'k is the usage function for base i, mission j,

and damage source k

D is the damage rate for base i, mission j, damage

Rijke
source k, and critical point £

The main purpose of the L/ESS procram is to calculate and update
these DR's for use in the IAT program. Thus, the IAT usage data
collected from the field according to base and mission is combined
with the corresponding L/ESS derived damace rate information to
arrive at the accumulated damage at each critical point of each

individual aircraft.

For the F-5 and F-15 aircraft, the scatter factor is applied
to the allowable damage of 1.0, thereby decreasing the damage

value at which maintenance actions are required, i.e.:

DA(Damage allowable) = 1.0 + scatter factor
Then,as before DA D
RL (remaining life) = OR
FUTURE

but the damage rates do not have the scatter factor applied. Also:
service life = present + RL

and

¢ life expended = b x 100
DA

The F-111 and A-10 aircraft, however,used

the scatter factor approach described in Method 7.

2.1.2.4 Method 10~ Normalized N, Exceedance
Crack Growth

A general n, exceedance normalized crack
growth IAT method is used to represent the F-4 and A-7 IAT systems
as described in Figure 2.10. The data collected is the reported
aircraft flying hours and the reported exceedances of the vertical

normal load factor at four preset levels.
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The methods of IAT are based upon
the ability to experimentally and analytically grow cracks in a
structure given known stress spectra. However, by measuring the
n, counts on each individual aircraft and relating this to stress
and finally growing the crack for each individual aircraft would be
economically prohibitive. The measured IAT data must be related
as closely as possible in some manner to a previously grown crack for
determining the predicted crack growth for each individual aircraft.
For every crack grown experimentally or analytically, there is a
corresponding known spectrum of the n, counts thus providing the

relationships to go from measured n, counts to crack growth.

For the F-4 and A-7, there are two

basic assumptions:

o Crack growth at one location can be
correlated with crack growth at a different location through the use
of normalized crack growth curves based upon the ratio of the

operational limits of the two locations.

o Crack growth at a location due to a
particular usage spectrum can be correlated with the crack growth
for a different usage spectrum through the use of normalized crack
growth curves based upon the ratio of the operational limits of the
two spectra. These relationships are demonstrated in
Figure 2.11 where the operational limits are designated by
tAo, tpys ti1g,r and t2,- The sprgad or scatter shown in the
normalized curves represent the envelope of all structural locations
and all usage spectra, thus they can be represented by a single

curve with very little error.

Hence, these assumed relationships allow
tracking only one location on each aircraft as well as accounting for
spectra variations from the baseline spectra (tested spectra). The
relationship between damage at the monitoring location and damage at
another location is only valid if the spectra at the two locations
are both based on the same activity indicator. For the F-4 and A-7,
the spectra for the critical locations on the fuselage and wing are

all based on n,. therefore these relationships hold. However, for
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Figure 2.11

Normalized Crack Growth Curves.
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more recent generation of A/F/T aircraft, which have more
sophisticated control systems such as differential tail augmented
roll, variable sweep wings, etc., more than one activity indicator

and more than one monitored location may be required.

For a matter of convenience, the F-4 and
A-7 tracking programs use an arbitrary "damage index" (D.I.)
system instead of hours to specify when maintenance actions are
required. Referring to the bottom right hand graph of Figure 2.11
and letting the Spectrum #1 be the baseline spectrum, then the
normalized abscissa is scaled by a chosen constant (DIBLO), which
is the D.I. that occurs when the baseline spectrum reaches the
operational limit at the monitored location. For example, if at
the operational limit of the baseline spectra (tlo) a damage
index value is assigned to be D.I. = 4.0, then the normalized
crack growth curve can be redrawn in terms of D.I. as shown in
Figure 2.12.

=
g SPECTRUM #2 \
&
5 \ BASELFiINE
S SPECTRUM #1
%] — = = = .1,
0 1 2 3 4
DI, . t,
BL0 /tzo

Figure 2.12 Crack Growth Curve Normalized to Damage Index.

If tlo was the safety limit for the monitored point, then for an
aircraft flying Spectrum #2 there would be a requirement to inspect at

one-half the safety limit, or at a D.I. of 2.0, which corresponds
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to Spectrum #2 flying hours of

It may be found that another location (B) in the aircraft is more
critical and will have to be inspected at a D.I. of 2'0(tBo/tAo)'
The term (tBO/tAO) is the ratio of the operational limits of

location B to monitored location A.

For the F-4, a D.I. = 1.0 was assigned to

a corresponding baseline operational limit of 3900 hours, thus
DIBLO = 1.0 and tlo = 3900. For the A-7, at 4000 hours of baseline
spectrum a D.I. of 1.0 was assigned. However, the operational
limit for baseline spectrum at the monitored location was 12,200

= 12,200 = = -

BL, LN A 3.05 and tlo 12,200. For com
4,000

parison, these assignments called for the first inspection at the

most critical location to be held at D.I.= 0.23 for the F-4E and
at D.I. = 0.28 for the A-7D.

hours, thus DI

The methods of determining the damage
index (D.I.) for an individual aircraft for the F-4 and the A-7
are similar. Both methods assume a linear relationship between
D.I. and the measured activity indicator, n,. In the case of the
A-7, flying hours take part in the relationship as well. These
are as follows:

C1X] + C2X2 + C3X3 + C4X4

F-4 D.I.

+ C X, + C X, + C X

A-7 D.1I. 1 272 33 474

COT + C.X

1

where
D.I. is damage index for a time period
Cor C1s Cy, C3, Cy are coefficients (constants)
T is flying hours for the time period
X1, X2. X3, X4 are the n, occurrences or exceedances of the

four level counters during time period T
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It is noted that the counting

accelerometer counts exceedances (E) of four levels of n,, sO

in the case of the A-7, Xl = El’ X2 = Eg, X3 = E3, and X4 = E4.
The F-4 technique uses occurrences of load factor, which
mathematically makes no difference, thus: Xl = El - E2, X2 = E2 -

E3, X, = E, - E and X, = E

3 4 4°

The difference between the F-4 and A-7

3 4’
methods of calculating damage is how the coefficients in the D.I.
equations are calculated. Basically, they are derived from results
of cracks grown to different spectra in coupons representing the

monitored location.

For the F-4, pre-cracked fracture
specimens simulating the monitored location were cycled to failure
(safety limit) for each of three usage spectra defined as baseline,
severe, mild. For example, the resulting crack growth curve of
the monitored location for the baseline spectra is illustrated

below in Figure 2.13.

a. 4 FAILURE ——
BASELINE
SPECTRUM ™\
&
=
[T¥}
-d
] FRACTOGRAPHIC
: """ ANALYSIS
a; 1 : =
0 1/2 DI, DI,

DAMAGE INDEX

Figure 2.13 Baseline Crack Growth Curve.

Known at the time of failure are the total number of occurrences

of each of four levels of n, (i.e., Xl’ Xz, x3, X4). Also known

is the fracture limit, in terms of damage index (i.e., DIc = DIBL ).
o
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Thus, for this spectrum, all of the parts of the damage index

equation is known except the coefficients Cqv C2, C3, Cy-

DIo = CX; + CyX, + CyXy + CyX,
It is assumed that the total DI, is spread over the four levels

measured by the counters. Thus,

DI = W (DIC)+W

c 1 (DIC ) + W

(DIc ) + W4 (DIC )

2 3

where the Wl"‘W4 represent weighting functions giving the

relative contribution of each n, level to the total DIc' with

Wl + W2 + W3 + W4 = 1.0

Wl(DIC )= Cle Feesy W4(DIc )= C4X4

and finally:

. - Wl(DIC ) . - WZ(DIC )
1 Xl 2 X2

. - W3(DIC) . - W4(DIC)
2 X, 4 x4

After failure of the specimen, scanning electron microscope
traces were obtained of a 2100 hour portion of the fracture
surface at approximately one-half the fracture limit (i.e.,
DIC/Z.O). (See Figure 2.13). Individual striations of

crack growth were then measured corresponding to each load level
in the spectrum. Then by relating load level to the four n_
levels, the relative percentage (i.e., Wl, W2’ W3, W4) of crack
growth caused by each n_ level was calculated. For example,

in the case of the baseline spectrum:

= = 5 = =
Wl .075 W2 135 W4 .28 W4 .51

54



Using these relative weights with the known X, X2’ X3, X4,

and DIc’ the coefficients are solved. This solution is plotted
in the form of an equivalent S-N curve through the stress levels

corresponding to the four n, levels,

Identically the same procedure is
followed in testing the other two specimens to the mild and
severe spectra. The same damage index (DIC) at the fracture
limit is used along with different occurrences (X's). Fracto-
graphic analysis of each specimen present new weighting functions
(W's). Consequently, coefficients Cl”' C4 and the equivalent
S—-N curve are determined for each of the three usage spectra.
Rewriting the original F-4 damage index equation for the three

usage spectra gives:

Mild: DI = Cl Xl + C2 X2 + C3 X3 + C4 X4

M M M M

Baseline: DI = C, X, + C, + C X, + C
lB 1 2B 3B 3 4B

X, + C X, + C
lS 1 2S 2 S S

Severe: DI = C

During the IAT program, these equations
are used to calculate the damage index of an individual F-4
airplane, depending upon which usage spectrum best describes the
actual usage of the aircraft for the particular time period T.
The choice of equation is established by magnitude of the exceedances
of the third level counter (E3) normalized to the period flying

hours, T. This is presently determined as follows:

IF -Then- USE THE USAGE SPECTRA
E3/T is less than 1.1 Mild
E3/T is between 1.1 and 2.2 Baseline
E3/T is greater than 2.2 Severe

Once the D.I. is calculated for this time period T, then this
D.I. is added to the accumulated damage index for all hours
preceding this time period to obtain the present D.I. for that

particular F-4 aircraft.
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To determine the coefficients in the
damage equation for the A-7, eight preflawed specimens representing
the monitored location were tested to different usage spectra.

Wide variation in spectra were used to represent the envelope
of operational usage. Using a combination of test results and
crack growth models, cracks were grown for each spectrum to

a critical crack size, a,r that corresponds to the fracture limit,

identified in Figure 2.14.

a -r—-—---aoo--------- ———y - - - - -—- o - - - - - -

SPECTRUM 1
H—ei8~ N/

- - - = -

CRACK LENGTH

i - = LOURS

0 tiot'zoo---ao.- tao

Figure 2.14 Spectrum Crack Growth Curves.

Known at the fracture limit are the flying hours (T) and the
total number of exceedances of each of four levels of n,
(i.e., Xl’ X2, X3, X4) that correspond to the eight spectra. Each

curve has the same damage index at the fracture limit (i.e.: DIBL ).
Therefore, there is a regression equation of the form ©

DI = COT + Cle + C2X2 + C3X3 + C4X4

with many observations of the independent variables T, Xl' X2, X3, X4.
The coefficients Cor Cl’ C2, C3, c, are derived by use of regression
analysis techniques where the resulting values give the least sum

of sguares error.

During the IAT program, total flying
hours and the total exceedances of each of the four n, levels

are reported on an individual A-7 airplane. These data, representing
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the entire past history of the aircraft, are used in the above
equation to calculate the current damage index.
2.1.2.5 Method 11 - Normalized Stress Exceedance

Crack Growth

The normalized stress exceedance crack
growth method for the P-16 IAT is shown in Figure 2.15. At this
stage in the F-16 IAT program, the proposed method is to calculate
the predicted crack lengths for every critical location in the
airframe. This method is not dependent upon the assumptions
required for the F-4 and A-7 pertaining to the "normalization"
of the crack growth between different locations and the
"normalization" of the crack growth from different spectra. The
F-16 activity indicator is measured strain at a location that

is predominately sensitive to vertical wing bending.

Crack growth curves are computed for
each critical location for each of five usage spectra. These
are computed using both analytical models and coupon test results.
For each critical point, these crack growth curves can be

described as illustrated in Figure 2.1l6.

ag--=-mmmmm—m - — == e pm———py7-
° USAGE 1 2o/ 3/ &/ /5
SPECTRA
NO.
-
|._
= FOR
purt CRITICAL POINT
~ an
[ 6]
=
U -
3
o t

Figure 2.16 Crack Growth Curves for Usage Spectra.
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The five variations of the usage spectra are chosen to span the
range from the least severe to the most severe expected usage.
Corresponding to each of these usage spectra is a spectrum of

the activity indicator (strain) at the monitored location. These
strain spectra at the monitored location are expressed as
normalized exceedances of a derived strain function, £f£(c) and

appear as shown in Figure 2.17.

MONITORED LOCATION

USAGE
1 SPECTRA
NO.

EXCEEDANCES

™ w——~ AIRPLANE

» f(o)

Figure 2.17 Normalized Usage Spectra.

If MSR data is gathered on a particular airplane for a time
period At, and the strain is expressed in the same normalized
exceedance manner, then it may appear as the dashed line in
Figure 2.17. Through the use of interpolation methods, this
aircraft's usage spectra can be related back to an interpolated

crack growth curve (now normalized) for each critical point as

shown in Figure 2.18.

. L fAIRPLANE
0 USAGE 4/ 5
SPECTRA
NO.
2 ~_READ
g " 7
g NTE I FOR
R < //T CRITICAL
v 77 //// POINT
Q // ugn
2 z
[} ,
Z A
-4t =
N
a. 1
i -
tN ty NORMALIZED TIME
b e

Figure 2.18 Interpolation of Normalized Crack
Growth Curve.
60



The crack length (ab) at the beginning of the period is used

to find the time at ty,, to which is added the normalized time
period (Aty), arriving at time tNe at the end of the period.
Then finally the crack length (ag) is read corresponding to the
time tNe of the time period end. This is the current crack
length at critical point B. The same is done for each critical

location for each period.
2.1.2.6 Results and Presentation

The final form in which the IAT damage
calculations for the A/F/T aircraft are presented are many and
varied. Each contractor has his own unique way, however all
basically present the same information. The main difference lies
in whether damage is tracked at all critical points in the airframe
or only at one control point allowing transfer to other locations.
Components, such as individual landing gear, can be tracked for

damage and are maintained separate from the airframe tail number.

All of the A/F/T aircraft using cumulative
fatigue track the damage at each of the critical points in the

structure. IAT output information generally consists of:

Airplane serial number and base
Airplane usage statistics and distributions

Critical point numbers or identification

O O O ©

Incremental damage, cumulative damage, and
remaining damage

o0 Projected wear-out in years and hours

Some results simply define the service life capability for the

most critical point as is the case for the F-100. Some presentations
list aircraft serial numbers and their damage for ease of compari-
son. Projected hours to reach damage levels and projected damage
levels for each aircraft are common computer results and are

illustrated in Figure 2.19 and Figure 2.20.
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As mentioned in Paragraph 2.1.2.4, the
crack growth methods used for the F-4 and A-7 allow tracking of a
damage index at one control point in each individual aircraft.
Then, by using operational limit ratios, the damage and amount of
life expended at all other critical locations is determined. The
program output gives each aircraft's current damage index (D.I.),
rate of D.I. increase, and projected date/D.I. to reach a certain
D.I./date. This same data, except defined on a month-by-month
basis, is supplied to ASIMIS for use by the Structural Maintenance

Control Program (SMCP).

The purpose of the component tracking
program is to provide damage information for major serialized
structural components of the airframe which are likely to be
removed, inspected or repaired, and reinstalled on a different
airplane. There is no current A/F/T aircraft component tracking
program. Planes exist for initiating a landing gear tracking
program by the Item Manager since landing gears are frequently
replaced and/or traded from aircraft to aircraft. Special handling
will be required to maintain the data bank historical record on
each component. Presently, damage on landing gears are determined
using cumulative fatigue techniques. The gear are treated as one
of the fatigue critical points to be tracked. All that is
reguired is to maintain this accumulated damage to a particular
serialized landing gear component as it is moved from aircraft

to aircraft.

Also presently proposed are airframe
component tracking programs for the F-4, F-15, F-16, F-111, and
A-10 aircraft. This will entail keeping track of the damage/D.I.
on each serialized component. For example, the A-10 will track
the damage on:
center wing panel
left and right outer wing panels
horizontal stabilizer

fuselage

O O 0O o o

left and right nacelles
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A form to enable component serilization and tracking for the
F-15 is presented in Figure 2.21.

2.1.2.7 Use of Results

The objective of the IAT program is to
provide the damage information needed to determine the times at
which structural maintenance actions are performed on individual
aircraft. For the most part, the ASIP managers of the A/F/T

aircraft are using the IAT results for their intended purpose

as well as for other functions such as detecting usage changes.

In the case of the F-4 and A-7, computer
results of damage index calculations flow directly into the
Structural Maintenance Control Program (SMCP). This program
correlates the reported D.I. from the IAT program with the
inspection/modification information of the type supplied by the
Force Structural Maintenance Plan to determine the times at

which maintenance actions must occur.

For the F-100, F-111, and the A-37, the
IAT cumulative fatigue damage results have been manually analyzed
by the ASIP manager to aid in making decisions when to:

modify and replace critical components
schedule PDM (periodic depot maintenance)

retire aircraft at life limit

0O 0O 0 o

inspect critical locations

By knowing the cumulative damage or damage
index per 1000 hour rate by mission type and by base, the ASIP
manager is detecting changes in the general usage of the aircraft.
This forewarns the manager of potential problems and allows him
to modify early maintenance planning previously made. Early
detection of change of usage also allows the ALC to notify the
using command what effect this change has on their maintenance/

modification requirements.
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BLOCK HEADING

Aircraft Serial Number
Base

Flight Hours

Total Landings

Date

Component Removed

Serial Number of Component Removed

INSTRUCTIONS

INFORMATION REQUIRED

Tail Number — last digit of year plus last four
digits of number (75-00032)

Two Digit Base Code Number (See Below)
Record total hours from AFTO Form 781. Delete
tenth of an hour digit. Use zeros to make a four digit

number,

Record total landings from AFTO Form 781. Use
zeros to make a four digit number.

Day, month, last digit of year when part(s) are
changed.

Use letter codes for components.

All digits of serial number. If serial number is

Robins AFB, GA 31098

U.S. GOVERNMENT PRINTING OFFICRE: 1977-788-338

Figure 2.21 (Concluded)
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Serial Number Installed less than six digits, precede it with zeros to make
it a six digit number.

Remarks Note any pertinent information.

Prepared by Printed name and grade of person completing
this report.

NOTE If more than one component identified in this
form is replaced, this space is provided for your
convenience. Up to five parts of the same gear
can be listed, plus one additional wing or stabilator.
If parts of a second gear are replaced, or if more
wing or stabilator assemblies are replaced, use
additional forms as required. If this section is
used for additional parts installed, it will be
necessary to record serial numbers and codes of
corresponding parts removed in remarks.

BASE CODES

(CONUS) (OS BASES)

. 01 Edwards AFB 11 99 Other (Note Base name in Remarks)

02 Eglin AFB 12

03 Eglin Aux Fid No 9 13

04 Kirtland AFB 14

05 Langley AFB 15

06 Luke AFB 16

07 Nellis AFB 17

08 Robins AFB 18

09 Williams AFB 19

10 Wright-Patterson AFB 20

Mail Completed Forms to: ~ Warner Robins ALC/MMAR

P8 0434 US A {7443}




In some cases, even though damages for
individual aircraft are available, the IAT information has not

been used to schedule maintenance actions or detect usage changes.

For these aircraft, it has been found that the standard method of

structural maintenance (i.e., phased inspections, PDM, ACI, etc.)
have been adequate. 1In most cases, the IAT programs are in the
planning and development stage but will be available in the
future for use in structural maintenance planning and scheduling.
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2.2 LOADS/ENVIRONMENTAL SPECTRA SURVEY (L/ESS)

The objective of the L/ESS is to obtain a representative
sample of data which can be used to define the operational stress
spectra of the force. A review of the current L/ESS programs
has shown that they perform much the same function in
a variety of ways. The final use of the L/ESS product is so
much a function of the IAT method with which it interfaces that
it was not appropriate to define separate L/ESS methods. The
L/ESS analysis techniques appeared to be related to the loads

philosophy of the airframe company.

In general, the most basic decision in L/ESS
methods ig the choice of monitoring aircraft c.g. motion
parameters, local strains, or some combination of motion and
strain. This choice is related to the complexity of the aircraft
equations of motion and seems to be a matter of local engineering
judgement. The next decision is whether to reduce the data into
a summation of time and events in data blocks or into a computed

sequence of stress peaks and troughs at key locations.

Beyond these two basic differences, the variations in
L/ESS methods are not significant. This paragraph presents a
summary of the data recording equipment and parameter selection
and then describes basic data analysis procedures for several
current L/ESS programs. Because most of the current systems are
based on fatigue analysis concepts, these methods will not be
recommended for incorporation in the force management methods
handbook. Finally, the use of L/ESS data for detecting a change

in fleet usage is discussed.

2.2.1 L/ESS Recording Equipment and Parameter Selection

There are five types of recorders currently in use
for L/ESS programs. All five are digital magnetic tape systems

and are described in paragraph 2.4.
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The systems are as follows:

Recording System Description Manufacturer
A/A24U-6 24~channel magnetic tape Whittaker (Dynasciences)
A/A24U-10 3-channel Vgh computer/ CONRAC
recorder
A/ASH-28 22~-channel variant of CONRAC
MXU-553
MXU-553 26~channel magnetic tape CONRAC
MADAR Maintenance computer/ Lockheed Electronics/
recorder Northrop

Table 2.8 lists the aircraft with current L/ESS
programs and the type of system, number of instrumented aircraft,
number of recorded parameters, and percentage of usage recorded
data for each. The definition of usable data varies considerably
from program to program and these figures are not generally

transferable to another system.

In addition to the systems listed, there are a few
A/A24U~10 VGH recorders on T-38 and F-100 aircraft and a short L/ESS
was conducted on 0-2A aircraft using oscillograph recorders. These

programs were not considered current.

Each MXU-553 recording system includes a Converter/
Multiplexer unit which converts analog signals to digital and
determines the sampling scheme by which the various parameters are
sampled and the values are written on tape. The parameters are
selected by each airframe manufacturer according to his planned
analysis methodology. Table 2.9 lists the parameters for the L/ESS
systems with MXU-553 and A/ASH-28 recorders while Tables 2.10 and
2,11 list, respectively, the parameters for the C-5A MADARS system
and the FB-111A A/A24U~6 system.

It was noted, during the state-of-the-art review that th
timing of USAF requirements generally forced the selection of L/ESS
parameters before the analysis had identified critical structural
locations and loading conditions. Consequently, many parameters
were selected only as a hedge against the possibility that a

particular loading condition might later prove to be significant.
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TABLE 2.10

C-5A L/ESS PARAMETER DESCRIPTION

MADAR | MADAR RECORDING SAMPLE RATE
RECORDED PARAMETER UNITS NAME P-CODE ] RESOLUTION RANGE {NO./SEC.)
Flap Position Deg. Flap 02 1.848 0 to 40 1
Pressure Altitude Ft. PR Alt} 06 444 .4 o to 50000 1
Mach Number - MACH 08 0.01 o tol 1
Vertical Load Factor - VA/CG 12 0.038 ~1.0 to +3.5 20
Right Aileron Position|Deg. Ailer | 24 0.504 +16 to -25 10
Ground Speed Kts. VG 28 1.575 0 to 150 2
Wing Stress:
Upper Panel (WS577) {psi Uppnl 43 655.2 ~-29040 to 2296 20
Lwr Aft Beam (WS197) psi Last 2§ 47 680,6 -22375 to 31628 20
Lwr Aft Beam (WS330)|[pst Last 58 504.0 -22325 to 17624 20
Upr Aft Beam (WS330)|psi Uast 60 630.0 -20430 to 29574 20
MADAK Time HMS ULy 09 N/A N/A 1
LHRP Discrete Ward:
Aerial Refueling N/A AR 11 N/A 0or1 Once Per 5 Sec
Aerial Delivery N/A AD 13 N/A 0oril Once Per 5 Sec
Touchdown Switch N/A TD/SHT| 15 N/A 0or1 Once Per 5 Sec
Spoilers Deployed N/A Spoit | 17 N/A 0 or1 Once Per 5 Sec
Inbd'd Thrust Rev.
Deployed N/A IN TR 19 N/A 0Oor i Once Per 5 Sec
Outb'd Thrust Rev.
Deployed N/A Out Tr| 21 N/A O ort Once Per 5 Sec
Terrain Following
Active N/A TF 23 N/A 0 or 1 Once Per 5 Sec
Pitch Autopilot Act. IN/A Pit Enq 25 N/A 0orl Once Per 5 Sec
ALDCS Active N/A ALDCS 27 N/A 0or 1 Once Per 5 Sec
Compressor Speed % N2 N/A 0.23 0 to 110 1
Fuel Flow 1b/hr FF N/A 67.4 0 to 16000 1
Throttie Angle Deg. TA N/A 0.51 0 to 80 1

73




» s .

« * e

CONVUT SN
-

9.

11.
12,

13,
14.
15,
16.
17.
18.
19,

21,
22,
23,
24,

TABLE 2.11
F/FB~111 MULTIPLE CHANNEL RECORDER PARAMETERS

Parameter

Mach Number

Pressure Altitude

Outside Alr Temperature

Wing Position

Acceleration, Z Axls - (load factor)
Acceleration, X Axis - (load factor)
Acceleration, Y Axis - (load factor)
Roll Rate

Yaw Rate

Fitch Rate

Flap Position

Landing Gear Position

Sink Speed

LH Horizontal Tail Position

RH Horizontal Tall Position
Rudder Position

Fuel Flow, Right Engine

Fuel Flow, Left Engine

True Angle of Attack

Right Outboard Spoiler Position
Left Outboard Spoiler Position

Rec

ording

Rate

1
ever
se
5
15
15
15
1
1
5
30
30

Left Main Landing Gear Strut Pressura() 1

Right Main Landing Gear Strut Pressgu
Nose Landing Gear Strut Pressure

sps ~ sample per second
~ Pneumatic

re
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1
15

sps
sps
sps
sps
sps
8ps
sps
sps
sps
sps
sps
y other
cond
8sps
sps
sps
sps
sps
sps
sps
sps
sps
sps
sps
EpS

Signal Source

CADC, M, 36A (R3-D)

CADC, llp, 1lAC

Total Temperature Indicator
Wing Sweep Transmitter

*Three Axls Linear Accelerometers

Flight Control Sensor Set

Flap Position Transmitter
From Main Landing Gear
Uplock Switch
*Sink Rate Radar
LIl Horizontal Tail Transmitter
Rl Horizontal Tall Transmitter
Rudder Position Transmltter
RIl Engine Fuel Flow Indicator
LIl Engine Fuel Flow Indicator
CADC, a , 5A
*Ril Spoiler Transmitter
*LH Spoiler Transmitter
*Pressure Transducer
*Pressure Transducer
*Pregsure Transducer

*~Peculiar to MCR Installation




Therefore, during the actual L/ESS data analysis, it was
discovered that useful results could be obtained from recorded
data with as little as three or four parameters. However, most
force management engineers were unwilling to eliminate any of

the parameters, even though they were not currently required, due
to the possibility of a still undiscovered structural problem

where they might be useful.

2.2.2 L/ESS Data Processing and Analysis

The L/ESS data processing is required to handle
large volumes of multiparameter data collected during a relatively
small sample (5-20 percent) of the total fleet operation. The
MXU recorders generate about 0.86 x 106 data samples per hour of
operation, but the number of significant load excursions on an
average flight varies from 40 to 1000. The problem is thus to
determine which of the data samples correspond to significant
loads and to compute stress at selected structural locations from
data samples of the recorded parameters. Some methods determine
the significant times first by finding peaks and troughs of the
recorded parameters and then computing loads and stresses at these
times. Other methods compute a time history of stress from the
recorded parameter time histories and then find peaks and troughs
of stress. Most methods use some combinations of these approaches.

This paragraph presents many of the detailed data
processing and analysis steps for current systems. Several of
the transport/bomber aircraft are presented in separate sub-
paragraphs while the attack/fighter/trainer methods have been
grouped into those using cumulative fatigue analyses and those

using crack growth analyses.

2.2.2.1 (C-141A L/ESS Methods

A system of data blocks is used to reduce
the time history tapes of the C-141A L/ESS. There are two basic
reasons why the time history data is reduced to data block form.

These reasons are:
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1. Data blocking condenses the flight
profiles to a compact form and common base so that data may be

accumulated and combined for a number of flights.

2. Data blocking reduces the data to a
form consistent with the C-141 Individual Aircraft Service Life
Monitoring Program (IASLMP) so that comparisons can be made
between the C-141 L/ESS and C-141 IASLMP.

The C-141A L/ESS data blocks are defined
for both ground and flight operations and the primary parameters
defining these data blocks are fuel, cargo, speed, and altitude.
Fuel usage for the C-141A LHRP is computed from equations com-
piled from the C-141A flight manuals. The equations were com-
piled for normal flight operations including climb, cruise, and
descent. The C-141A LHRP computes flight fuel usage once per
minute. The altitudes at the beginning and end of each 60 second

time period are monitored. A basic cruise fuel is calculated and
then this is adjusted according to whether or not a climb or

descent has occurred.

The cargo data blocking is accomplished
by utilizing the dialed in beginning airplane gross weight and
fuel weight in conjunction with the input empty gross weight.

The effective cargo weight is calculated as follows:

C=GW - F - E
where
C = effective cargo weight
GW = dialed in beginning gross weight
F = dialed in beginning fuel weight
E = empty gross weight

The speed and altitude data blocks for

the C-141A L/ESS are determined from differential and static
pressure measurements. The c.g. load factors, N, and Ny, are

separated into gust and maneuver portions in the C-141

L/ESS data reduction program. This separation is
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accomplished by computing the frequency spectrum of the N, or

Ny time history by performing a Fourier transform, applying a

low pass digital filter to the frequency spectrum, and then
computing the inverse Fourier transform to obtain a filtered

time history. This separation technique is based upon the
supposition that the frequency content of the load factor due to
maneuver is sufficiently distinct from the frequency content of
the load factor due to gusts so that a nominal "cutoff" frequency
may be established on the frequency spectrum. It is assumed that
all of the power content of the spectrum below this cutoff
frequency is due to maneuvers and all of the power content of

the spectrum above this cutoff frequency is due to gusts. The
vertical load factor as it is digitized by the recorder/multiplexer
requires a discrete type Fourier transform. The technique used
to perform this discrete Fourier transform is the so called "fast

Fourier transform" (FFT).

This technique of gust and maneuver
separation is shown in Figure 2.22. The total load factor
time history, g (t), in Step A is transformed to the frequency
domain via the fast Fourier transform (FFT) to obtain G(W) in
step B. The low pass filter function in Step C is multiplied
by G(W) to obtain the maneuver spectrum of the load factor
shown in Step D, F(W). The inverse Fourier transform is then
applied to F(W) to obtain the maneuver time history, step E.
The gust time history in Step G may then be computed by subtracting

the maneuver portion from the total c.g. load factor.

After the load factor data is separated
into its gust and maneuver components, it is peak counted by the
data block in which the load factor occurs.

The strain data is peak counted in the
form of a tabulation of the number of peaks falling within pre-
determined band levels located about some instantaneous mean
strain value. This data along with an average mean is computed
for each flight and ground data block. The peak count routine

therefore determines an instantaneous mean value for each data
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sample, sets band levels about this value, determines if a peak

has occurred and identifies the band level in which the maximum
value of the peak occurs.

The mean used for the strain peak counting
is a running mean averaged over 6.4 seconds before and after
the instantaneous value for which a mean is required. The average

mean of the parameter x at point i is:

i

+ M
oL >0 )
- M

i

where

M is the number of data points included in 6.4 seconds and

M= 6.4 X (parameter sample rate).

The mean averaging time of 12.8 seconds
was selected in order to minimize the error in the peak count
level of aperiodic peaks as well as in the mean level during

step changes in strain level, e.g. during takeoff and landing.

The overall methods of damage calculations
for the strain time histories in C-141 L/ESS are presented
schematically in Figure 2.23. The S-N data and the gquality
levels are input to the Damage Chart Program which yields the
graphical and analytical representation of S-N data by location.
The analytical representations called Damage Charts are input to
the C-141A L/ESS software. The strain-stress relations, peak
counts, and mean strain per data block per aircraft per sortie per
location and the characteristic data for factoring of strain data
for IASLMP damage comparison are also the input data to the

software.

The programs output a damage report by
load source in the form of incremental damage per aircraft by

quarter. The damage by data block for each aircraft are
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calculated using Miner's cumulative rule.
2.2.2.2 F/FB-111 L/ESS Methods

The data reduction of the F/FB-111 L/ESS
data is accomplished in two stages; these stages are called
(1) Data Processing (performed at ASIMIS), and (2) Data Analysis
(performed at General Dynamics) (Figure 2.24).

The Data Processing is divided into three

phases. These phases are:

(1) Quick Look Processing - Initial

review to select flights with usable information.

(2) Flight Identification - Retrieval
of the Flight Usage Card Information (AFTO Form 71324).

(3) Loads Edit Processing - Generation

of compressed time histories of the recorder data.

The recorder data are reviewed on a
flight-by-flight basis to determine the flights for which the data
are usable for updating airframe and landing gear service load
spectra. A digital computer procedure (referred to as Quick Look)
has been developed to help accomplish this review. The Quick
Look Procedure provides a digital listing of the maximum and
minimum values for successive 33-second time intervals for each
data item. The listing for an entire flight is reviewed for
evidence of erroneous data. The following information is determined

for individual flights for Loads Edit processing:

a. Null adjustments for data parameters.

b. Data parameters which are to be
suppressed because of questionable or erroneous measurements.

c. Data time records for starting and
stopping Loads Edit processing.

d. Flight identification and description
information (e.g., A/P SN, organization, data of flight, takeoff
configuration, takeoff weight, mission purpose, flight profile,
aerial refueling duration and weight, and landing weight).
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Flight Usage Cards provide the following
information needed for (1) selecting flights with usable data
and (2) sorting of the usable data according to mission type and

calendar period:

Date of flight

Total airplane hours at end of flight
Mission purpose

External store configuration

Takeoff and landing weights

Terrain following radar (TFR) usage

© 0O 0O 0o 0o 0o o

Aerial refueling usage information.

Definition of the above information requires
identification of the flights for which data were recorded. The
magazine labels provide identification of the recording airplane
(serial number) and bomb wing and definition of the calendar
period of the flights. A Quick Look listing of the data measure-
ments is also available for each flight. This information is used
in conjunction with a computer listing of Flight Usage Card
information for individual flights to identify the flights with
data --- the needed Flight Usage Card information is then read
from the listing. This information and that generated during
Quick Look processing are subsequently used through Load Edit
processing to generate compressed time histories of the usable data.

The MCR Loads Edit Procedure (a digital
computer program) is used to generate "compressed time histories”
of MCR measurements for selected flights. These histories contain
information necessary for updating airframe and landing gear
service load spectra (load spectrum analysis) which are in turn
used (through fatigue analysis) to update parametric fatigue damage
rates for the F/FB-11l1 SLM program. The compressed time history
for a given flight contains only a small percentage of the 240 MCR
measurements which are recorded per second of engine operation.
During airborne operations, MCR measurements are preserved
approximately once a minute during periods of inactivity. A
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period of activity starts when one or more of certain items

(referred to as Maneuver Activity Indicators - MAIs) have values
outside of predefined threshold intervals and ends when all have
returned to values within these intervals. A diagram using three
MAIs to define a Maneuver Activity Period is shown in Figure 2.25

below; the upper and lower values of the threshold interval are

denoted as UT and LT, respectively.

| Start Manewver Pariod |
TN

l
N SN A\\\
MAT T2 oSO UG ~
-

- Time —~——s

inr - UT e e . R ——— c——
MAZ 0 g Tm— i

====1

T e e —— —

|End Maneuver Pzr,od |

mar T | T T \j
;3 LT’-———:WK_
N\
€
< IMANEUVER PERIOCD >

Figure 2.25 Definition of Maneuver Activity Period (F-111).
During a maneuver activity period, "time
hacks" of all data measurements are preserved for the following

times:

1. Time at start of maneuver activity
period approximately l-g trim data).

2. Times when selected items (referred
to as peak indicators —-- PIs) have certain maximum values. For a
given PI, this is the time it has its maximum value between the
time it exceeds its upper threshold (UT) and the next time it

returns to its upper reset (UR) as shown in Figure 2.26.
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minimum wvalues.

3.

For a given PI, this is the time it has

Times when the PIs have

minimum value between the time it reduces to values less

lower threshold (LT) and the next time it returns to its

reset (LR) as shown in Figure 2.27.

certain
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than its

lower

Value S2arch

Stop Mintmum
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p; LR _____\/_;PI I_H“i \/‘ﬁ
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Figure 2.27

Start Minimum
1Value Ssarch

4.

Location of Trough Time Hacks (F-111).

Time at end of maneuver activity

period (return to approximate l-g trim).

The compressed MCR time history for

a given flight also includes time hacks of MCR measurements at

selected times during

selected by using the

Items 2 and 3 above.

and flight operations

ground operations.

These times are

"peak-indicator" technique described in

In some case, the PIs for ground operations

are different.

Identification of the Pls

and MAIs for flight operations and the PIs for ground operations
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and definition of their associated threshold and reset levels
are shown in Table 2.12. Some of the PIs and MAIs are measured
parameters while others are computed from the data measurements.

The Load Edit Procedure classifies the

data preserved for the selected times into three categories:

Type 1 Data - Preflight Ground Operations

Type 2 Data - Flight Operations

Type 3 Data - Other Ground Operations (ground
operations during touch-and-go landings, taxi-
back landings, and ground operations associated

with the final landing for a flight).

The resulting compressed time histories
of the data (Data Types 1, 2, and 3) for individual flights are

written on magnetic tape for subsequent analyses.

The compress time history tapes and the
tapes containing the usage data and N, counts are transmitted to
General Dynamics for data analysis. The major data items that are

output from this data analysis are:

(1) Current damage
(2) Remaining Life
(3) Usage Statistics

See Figure 2.1.
Equations of the general form shown below

were developed for computing maneuver loads for the "times"

preserved in the compressed time histories.

Load = CO + Cl Vl + C2 V2 + ... + CnVn

C - Constant
V - Variable in terms of MCR parameters

Selection of the variable terms and definition of the constants
is accomplished through application of linear multiple—variable

regression analysis techniques to concurrent measurements of
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airplane loads and data parameters recorded during the F/FB-111

Category I Flight Test program.

The following steps highlight the main
facets of the maneuver loads data reduction of the FB-111 L/ESS:

0 Maneuver loads are calculated according to
maneuver activity period by flight.

0 Maneuver load peaks and valleys are paired
sequentially within a maneuver activity period
to form load cycles.

o Each maneuver period is assigned a "Representa-
tive Ngz" (NZREP) --- the maneuver.

0 All resulting maneuver load cycles are labeled
as necessary to preserve identity of

o USAF Organization (wing)
0 Mission Type

O Representative N,

o

Mission Segment, Speed, Wing Sweep,
and GW.

o All maneuver load cycles with like loads and
like lables (identifiers) are grouped and
written on an output MCR load-cycle history tape.

o Fatigue damage of individual maneuver load
cycle groups are computed; identification
labels are retained.

o Fatigue damage with like identification labels
are summed and preserved (with identifiers) on
an output history tape.

0 Periodically, to update SLM fatigue UDD due to
flight maneuvers, information on the MCR
load-cycle history tape is grouped and scaled
to define maneuver load spectra and fatigue
damage according to

0 Mission Type and Organization
©0 Mission Type, Organization, and NZREP
o Mission Segment and Organization
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TABLE 2.12

F/FB~111 MCR MANEUVER ACTIVITY INDICATORS AND

PEAK INDICATORS

a) For Flicht Operations

DATA MANEUVER ACTIVITY PL~TURESHOLDS AND RESETS !
1TEM [\NDICATOR (A1) THRESHOLOS]| P UPPER, LOWER,
UPPER LOVIGR No.| TMrEsnoLp | RESEY THRESJOLD] RESET
GT@ LT ® eT® LE® L1® GE® |

Ne 1313 g .75 ! 1.5 1125 .563 .938
Ny .125 -.,/25 2 25 063 -./25 -, 063
DR@ 1.B75 g -1.878 3 2813 938 -2815 -.938
\m@ 2.344° ~2.344 4 3.906 /.563 -3.906 ~1.563
or 2.544° -2.344 gl 783 1.563 -7.8i3 |-1.563
Nyr®] ™ot vsed WOY UsED S 3300 res | 1650 Los | “3300 Las | <1650 o
Nt @) » * . 4 6 Baoo wes | ISootes | ~3000 wes | 11500 Lee
Vin@ * . s ' 7 | Baso ey | |500 e [ -300018s | 1500 Les
Yo ® . . v . 8 T500 16> | B750 Lay | -75v0 _wes | “3750 wes
Ven | » . , 9 | 1500 wea | 3750 Les | ~7500 18 | 3150 1ty
SPL 2.5/6° N/A 10 6328 | 3576 N/m NN
SPR 3.5/6° " H 6.328 3.5/6 ‘ "

P £.25 DegfSec | — @25 It | 3res é.z8 -31.28 -6.28

Q | /563 By/Sc| -1.565 31 4089 1.565 | ~4.688 | -1.565
R | 156300/Sc. | -1.565 | 4.658 1.565 | -¢.688 | -I.s¢s

g 494 ::-:///s«‘ —-. 194 1y .818 794 -.818 - 154

M8 KafSect -.048 17 36 . -, -
R '~oss/PJS-c‘ - P35 11 RYLA cga -L//s?:. 248

BER NEXT PAGE POR nNOTES D,0, O Ano

NOTES::

0.

To compute thresholds and resets for DA,

the values shown in this table are co be
added to DA trim which 1s -computed every
three records in Loads Edit...
where DA = HTL - HTR

Use these values to compute DA peak indicators
for high-lift operations (Flap position > 59).

To compute peak indicator thresholds and resecs
for these load items, add the values shown in

this rable to tare values as computed by Loads Edit
for PI=63 time hacks (MCR data at start of maneuvér).

LE = LT or equal to.
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TABLE 2.12 (Concluded)

b) FOR GROUND OPERATIONS

TURESHOLOS AND PESETS
Ly LOWER
PL 1 OaTh oo R HRESNOLO |  RESET
THRESNOLD esET | T HoL
Na. [1TEM a7 L LT GE
bl M 339 o3 .7 75
.2 | Ny 125 ¢ 063 -./25 ~.0e3
3 | N« 125 ¢ 063 -./25 -0e3
4 | DR | /5938 03| /4. 063 -/5.938 -14.063
2| P |25 Op/5<) 6.25 -12.§ -.25
13 Q |31250g/5c| 1.563 -3.z8 -)563
4] R lwzsag/ic | 1563 -3.28 ~/.563
1S | P la27s Bffact| 194 -.z73 -~ 194
16 i 430 Gad)Ses 048 -.7% ]
" a8/ fadf Sect o -, 05/ o
S | N6PW 325 p3: |-390.625 | -3/2,5 390625
G | merGl yrzs psi |-390.025 | -3/2.5 3%ae2s
1 | nePr@ 325 psi |-390.625 | -3/2.5 Iw.e2<
8 | Fyug 1000185 | €00 LB ~1000 L83| -S00 LBS

NOTES: GT~GREATER THAH , LT=LEYY THAN, GE~ 6T OR BEQUAL,LE~LT OR EQUALTO
O~THESE PI THRESHOLDS AND RESETS ARE INCREMENTAL FROM
THE PRGVIOUS PEAY OR VALLEY
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The following steps outline the data

reduction metodology used for the recorder data ground air-ground

loads:

GAG load cycles are determined and preserved

on a flight-by-flight basis according to mission
type and organization. The GAG load cycle

for a particular flight consists of the maximum
and minimum loads for the entire flight con-
sidering (1) preflight ground static loads,

(2) l1-g trim flight loads, (3) flight maneuver
loads, and (4) post flight ground static loads.

Fatigue damage due to GAG load cycles is computed
and preserved according to mission type and
organization on an output MCR load-cycle history
tape.

Periodically, to update SLM fatigue UDD, in-
formation on the MCR load-cycle history tape

is grouped and scaled to define GAG load spectra
and GAG fatigue damage according to mission type
and organization.

Finally, the analyses of the L/ESS

data pertaining to the landing gear loads and the Service Life

Monitoring (SLM)

o]

Unit Damage Data (UDD) is accomplished as follows:

Equations with MCR parameters as independent
variables were developed for computing the
following gear loads:

0 Nose Gear-Vertical loads and side loads

0 Main Gear-Vertical, side, and drag
for left and right sides.

Time sequences of maximum and minimum loads are
computed for individual takeoffs, touch-and-go
landings, full-stop taxi-back operations, and
final landing operations (SLM UDD operations)
contained in MCR data sample.

Each load time sequence is reduced to load
cycles by applying the range-pair-range cyclic
analysis technique supplemented in a manner to
insure definition of maximum-range load cycles
for individual SLM UDD operations in the MCR
data sample.
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0 Periodically, to update SLM UDD for landing
gear, the MCR gear load cycles are grouped,
scaled, and analyzed as necessary to determine
load spectra and fatigue damage according to
organization (base) and GW for

o 1000 Initial Takeoffs

o 1000 Touch-and-Go Landings

o 1000 Full-Stop Taxi-Back Operations
o 1000 Final Landings

2.2.2.3 C-5A L/ESS Methods

The data reduction on the C~5A L/ESS
is accomplished in two stages, the first at ASIMIS and the second
at Lockheed-Georgia. The first stage is called "data processing
and reduction" and the second "data analysis". This data flow is

shown in Figure 2.28.

Data Processing is the initial function
in the C-5A L/ESS. It deals with the procurement and intermediate
preparation of flight recorded data for L/ESS analyses and com-
parisons. The primary goal of Data Proceséing is to insure that
the data which ultimately reach the analysis stage are credible,
error free and represent coherent flights. Data processing is
composed of the individual operations defined in the following

paragraphs.

, The initial step in Data Processing is
the extraction of L/ESS data from the Central Data Bank (CDB)
at OC-ALC utilizing the L/ESS Data Extraction Program. The
extraction program extracts onto magnetic tape all flight recorded
L/ESS parameter data, MADAR trend messages, LRU messages and MADAR
event messages which are used in L/ESS. The input to the program
consists of all history tapes in the CDB which contain L/ESS
aircraft data sets. The extraction program performs certain
validity checks on the data to determine that Mach number, CG load
factor, and pressure altitude exist and are basically credible; and
determines that the data depict a true flight. That is, that
there is a takeoff followed by a landing, etc. A printout of
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documentary parameter time histories and reduced (periodic time
weighted average) time histories of time varying parameters is
provided for each flight. The final step in the data extraction
process is the merging of extracted tapes from several executions

to produce packed tapes prior to Data Processing.

Data Correlation is the manual process
whereby MAC Form 89 data required in the L/ESS are identified.
The source of this information is the printout from the Individual
Aircraft Service Loads Monitoring Program (IASLMP) Combined Usage
Program. The salient features of an extracted flight are
determined by manual inspection of the Extraction Program time
history printout. This information, along with aircraft serial
number, airframe hours and flight data from the MADAR header,
(also from Extraction printout) are compared with similar infor-
mation for Combined Usage flights flown in the same approximate
time span. When the information for an extracted flight and a
MAC 89 flight agree suitably well, the pertinent information are
tabulated and card input for the Edit Program is formed.

The extracted data, which are compressed
digital time histories of L/ESS flight recorded parameters (and
other data) are operated upon by the L/ESS Edit/Correlation Program.
This program performs detailed edits on each parameter and removes
erroneous or bad dafa on a point by point basis, or, if severity
criteria are exceeded, rejects entire data channels. Entire
flights are rejected if a key parameter (Mach number, pressure
altitude, C.G. load factor, flap position, ground speed, or aileron
position) is failed. A flight profile is constructed for each
flight by collectively interpreting the recorded data. The flight
profile provides a "road map" of each flight for the programs
which process the data further. It consists of a list of aircraft
activity indicators (takeoff, taxi, cruise, climb, descent, etc.)
and a start time for each. The profile itself is edited following
compilation to insure overall flight coherency. MAC Form 89 data
are card input to the Edit Program and are combined with the
flight recorded data for each flight. This information consists
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of aircraft and flight identification information, event codes
(aerial refueling, contour flying, etc.), cargo weight and the
fuel weight history. The MAC Form 89 data are obtained from IASLMP

Combined Usage printout as explained previously.

A manual review of the Edit Program
output is performed at the completion of each Edit execution.
The purpose of this review is to isolate erroneous data or flights
which may have eluded the checks and edits built into the Edit
Program because of peculiar circumstances in the recorded data.
The manual review of edit results proved to be an effective proce-
dure in the SLRP and does not imply that the Edit Program is
deficient in checking logic or is otherwise inadequate. A
completely automatic editing program would be prohibitively large,
considering the number of parameters involved and the possible
number of combinations of erroneous data in various combinations
of channels. Another unacceptable alternative is a simpler
program which fails all flights which contain erroneous or even
questionable data. This approach would result in a very small

sample of data to analyze.

The results of the manual review and
edit are introduced into the machine edited data tapes using the
Edit Utility Program. This program allows for changes to be
made to the flight profile, header information and the lists of
failed or inoperative parameters. Entire flights can also be
deleted from the output by using the Edit Utility Program.

The purpose of the Data Reduction phase
of L/ESS is to convert the edited data produced within the Data
Processing phase to other forms which are more suitable for the
analyses and comparisons performed within the Analysis phase.

The Data Reduction phase is comprised of the conversion of edited
time history data to histogram and event occurrence forms, the
review of resulting reduced data for consistency, and the
organization of reduced data for subsequent Analysis phase
operations. All operations within the Data Reduction phase are

performed on a flight-by-flight basis.
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The edited time history data of specific
parameters are peak counted about calculated mean levels. Histo-
grams are produced from the peak counted data for each applicable
parameter for appropriate flight profile segments. The resulting
data identify the number of peaks occurring in predetermined
magnitude bands during individual flight profile segments.

Maximum values of CG vertical lcocad factor (NZCG) and wing stresses
are calculated during landing impact, Ground-Air-Ground (GAG)

and Air-Ground-Air (AGA) cycles. Additionally, the occurrences

of specific events such as In-Flight Thrust Reversal, Engine Run-Up,
etc. are counted and each flight is classified according to the

IASIMP 64 Representative Missions definition.

The primary purpose of reduction is the
peak counting of NZCG, wing stresses, and right aileron angle.
A peak is defined as the maximum excursion of a time history trace
between successive crossings of a mean (reference) level. There-
fore, the peak counting method employed requires a determination of
mean level for each of the peak counted parameters. The mean
level for NZCG is established at a constant value of 1.0g, however,
the mean level for right aileron angle and each of the wing
stresses are calculated independently by a variable mean
determination method. The determined variable mean for these
parameters depends upon the local amplitudes and activity
level of the specific parameter recordings and, therefore, varies

from peak to peak.

The resulting peak occurrences are banded
by specific magnitude ranges and retained by individual occurrence
of flight profile segments. NZCG is peak counted for all segments,
right aileron angle is peak counted for all in-flight segments,
and wing stresses are peal counted for all segments except landing
impact. The amount of elapsed time (A time) is maintained for
each individual segment along with the corresponding banded peak

occurrences.
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Incremental stress excursions due to
impact event are calculated for each operative stress channel
for each landing impact. In addition, rate of sink is calculated
for each impact event as a function of fuel weight, cargo weight,
and impact NZCG. The impact NZCG value is determined within the
Data Processing phase for each landing impact segment and is
included in the edited time history data.

Calculations are performed to determine
peak to peak extreme values of NZCG and wing stresses during each
GAG cycle and each AGA cycle. A GAG cycle begins at the start
of a flight and terminates at the end of flight. If a flight
contains multiple full-stop landings, the number of GAG cycles
will equal the number of full-stop landings. An AGA cycle will
exist for each touch-and-go landing which is directly preceded
by traffic segment. The AGA cycle begins at the start of pre-
landing traffic and terminates at the end of post-liftoff traffic.

The cumulative number of specific
events is determined by flight. The events that are identified
and accumulated are:

Airdrop
Touch-and-Go Landings

In-flight Thrust

Ground Thrust Reversal
Flaps Movements Full-Stop Landings
Engine Run-Up

Take-off Abort

Aerial Refueling

0O O O O ©
O 0O 0O O O

Contour Flying

The purpose of the identification of
these events is to provide the Analysis phase a condensed history
of particular aircraft activity that is not readily available
in the normal reduced data. A flow diagram of the data reduction

operation is shown in Figure 2.29.

The resulting reduced data of each
flight are manually reviewed to insure the completeness and
consistency of the data. The data are scanned for obvious errors,
mission flights or items and inconsistent trends. Suspect data

items or inconsistencies are noted for special scrutiny within the

Analysis phase.
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The reviewed reduction data are organized
for subsequent Analysis operations by the execution of several
utility operations. Flights determined by manual review to be
totally unsatisfactory for Analysis are deleted. 1Individual
sets of reduced data are sorted and merged. Audits of the
resulting merged flight-by~-flight data are produced for use within
the Analysis phase.

The reduction operations are performed
through use of the L/ESS Data Reduction Program and the reduced
data utility operations are performed through use of the L/ESS
Data Reduction Utiility Program. All reduced data are produced on
paper printout and magnetic tape. The paper printout is utilized
in manual flight-by-flight review. The reduced data are trans-
mitted to the Analysis phase, after utility operations, on magnetic

tapes accompanied by corresponding data audits.

Data analysis is the final step in the
C-5A L/ESS sequence. It is accomplished at Lockheed-Georgia.
The primary goal of data analyses in the L/ESS is to compare
information based on measured spectra, i.e., right aileron
deflection, load factor and wing stress spectra, for a current time
span with previously established information and determine if the
loading experience of the aircraft is changing. This procedure
will be repeated continually throughout the life of the C-5A
fleet.

A secondary analysis consists of the
development of spectra based on analytical stresses and usage
data derived from measured documentary parameters. Comparisons
of the measured stress spectra with the analytical/usage spectra
further indicate whether changes in spectra (from one time span
to another) are due to operating environment changes or changes
in the manner in which the aircraft are being used. The results

of these comparisons will be documented periodically in reports

and status letters.
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The generation of measured spectra is
accomplished by cumulation of flight-by-flight reduced data
produced within the Data Reduction phase of L/ESS. Analytical
wing stress data are generated by the cumulation of usage informa-
tion derived from flight-by-flight edited data produced within the
L/ESS Data Processing phase.

The generation of measured and
analytical spectra are accomplished through a highly computerized
network of analyses in which flight-by-flight data are cumulated
by category, normalized by time, and produced in plotted or tabular

form for comparisons. The network of Analysis phase operations

is presented in Figure 2.30.
2.2.2.4 T-43A L/ESS Methods

The T-43A L/ESS uses the MXU-553A
recording system. Data processing was originally performed at

Boeing-Seattle but has been transitioned to ASIMIS,

Documentary data values are dialed into
the recorder at the start of each flight. These data are aircraft
serial number, initial gross weight, initial fuel weight, base,
mission type, aircraft hours, and data. Parameters whose values
are recorded as variables during the flight are altitude, speed,
fuel weight, air-ground indication (from R.H. main landing gear
squat switch), time, and three channels of c.g. load factor data.
These three channels are lateral acceleration (A ny), vertical
acceleration (A nz) for frequencies from 0 to 0.2 cps, and
vertical acceleration for all frequencies within the recorder
system capabilities (0 to 6 cps.). The recorder is activated

by release of the parking brake.

The counting accelerometer records
numbers of exceedances for six c.g. vertical load factor levels
and also records elapsed time. (The counting accelerometer is
connected to the squat switch on the R.H. main landing gear, and
records only during the time when the gear oleo is extended.)

The load factor levels for which counts are made are 0.4, 0.7,
1.3, 1.5, 1.7 and 1.9 g's. Only one count for each level
exceeded is made prior to crossing a reset value of either 0.9 or
1.1 g's.
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The recorder data are reformatted,
transcribed and compressed at the ASIMIS facility at Oklahoma
City ALC. Compression is accomplished using the computer
program DCCP (Data Compression Computer Program). Three means of

compressing the recorder data are utilized. These are:

a. Elimination of most data points having values
smaller than prescribed threshold values. The threshold values
are +0.05g for A ny, + 0.2 g for A n, for flight, and + 0.1lg for

A n, for ground loads.

b. Elimination of intermediate points between

a peak (valley) and the next valley (peak).

c. Elimination of pairs of successive peaks and
valleys whose magnitudes differ by less than 0.03g for A ny and
0.1g for A n,.

The compressed recorder data are
reduced using the computer program DRAP (Data Reduction and
Analysis Program). The more important features of this program

are:

a. The retained peaks and valleys, for each of
the three load factor channels, are grouped in blocks of speed,
altitude, gross weight and air or ground operational regime.
Within each block, the mean values of speed, altitude and gross
weight are calculated for all data entered into the block.

b. Within each data block, and for each of the
three load factor parameters, the data are reduced by the level
crossings method. This method produces one exceedance count of a
given value of A n each time that An level is crossed, with a

positive slope, by the compressed An time-sequence.

c. Within each flight condition data block, the
number of counts at each Anz level for the 0 to 0.2 cps channel
(maneuver) is subtracted from the corresponding number of counts
for the 0 to 6 cps (gust plus maneuver) channel. The remainder
is the number of counts for gusts. It is possible, although rare that
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this technique can result in a negative number of counts. This could
occur for a data block where the amount of flight time is quite
small, and/or where the loading activity is very low. It results
from a peak on the maneuver channel not being the same as a peak
on the gust plus maneuver channel, and from the maneuver peak
being displaced enough in time from the nearby gust plus maneuver
peak so as to be in a different data block. In this case, there
would be no gust plus maneuver count from which to subtract the
maneuver count, so a value of minus one would be output for the
gust count. If this happens, the minus one should be disregarded,
and treated as if it were zero. Another possibility which can
result from subtracting maneuver counts from counts of gust

plus maneuver, for small data samples involving multiple data
blocks, is to have more counts for a higher load factor level than
for a lower level. This could possibly show up in the tabulated

data, but should disappear when more data are obtained.

d. For ground loadings, the values for the
highest peak and lowest valley of the 0 to 6 cps Anz channel,
during the first three seconds from touchdown, are used for level
crossing counts for landing impact. If only one point occurs in
the three second period, counts are made from one g to the peak or
valley. All of the Anz ground data are used for level crossing
counts. The landing impact counts are subtracted from the toral
counts to produce Anz data for taxi. All Any data for ground
conditions are considered as taxi. The 0 to 0.2 cps Anz channel

data are not used for ground conditions.

e. Selected data blocks are checked for data
convergence. Each time new data are reduced, exceedance values in
a data block for selected An levels (normalized to per 1000 hours,
per 1000 miles or per 1000 flights) are calculated for all data to
date. These values are compared with the comparable values from
previous data reductions. These comparisons are plotted in ratio

form and are monitored to determine when the data have converged.
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f. The results of the computer program
operations are displayed in various tabular and/or graphical

format