~C

. grReport ASD-TR-81-5009 L Ev
e

e
g
o))

COREQUIREMENTS, TECHNOLOGY AND CONFIGURATION EVALUATION
dOR CRASH SURVIVABLE FLiIGHT DATA RECORDING (CSFDR) SYSTEM

[ =
<C

Howard Branch, Barry Casey, Robert Harvey,
William Plouff, John Reeves, Steve Wichmann

LEAR SIEGLER, INC. .
Instrument Division Grand Rapids, Mi. 49508 : ‘

‘ 23 March 1981

T‘ Final Report for Period 23 July 1980 - 23 March 1981

Approved for public release;
distribution unfimited

Prepared for
4 §AERONAUTICAL SYSTEMS DIVISION (ASD)
COAIR FORCE SYSTEMS COMMAND
Loy Wright-Patterson AFB, Ohio 15433
J—

oTic Fi

°1 4 16 086

e




Z @
Do

THIS DOCUMENT IS BEST
QUALITY AVAILABLE. THE COPY
FURNISHED TO DTIC CONTAINED
A SIGNIFICANT NUMBER OF
PAGES WHICH DO NOT
REPRODUCE LEGIBLY.




Fnal repds !
S!Cuﬂwirﬁ::Aiif lc:(rims PAGE (When Oste Entered) 33_ = j%l.—?&ﬂ’-—m av

EPORT DOCUMENTATION PAGE B T O ¢

2. GOVT ACCESSION NO.| 3. RECIPIENT'S CATALOG NUMBER

——-—-/ @VAO? 7f£3 S. TYPE OF REPORT & PERIOO COVEREQ

Requirements, Technologyend ConfiguratiggT Final
Evaluation for Crash Survivable [light 7-23-80 - 3-23-81

4

)

; Data Recording v(rchrl_)l_{-)m_SYStem T . RMING ORG. REPORT NUMBER

) 7 AuTHQRGH 7 : Ll
| P [- HowardfBranch Barry/Casey Robert / F33615-§?LC761172,

[ YHarvey William/Plouff, John Reevesl

1.4 Steve--Wichmarm——"""""f" ~— F~
[ si‘;zaa;oguinggo;zrvuﬂ::nm: AND NOORESS 10. ::ggn.k.o:oz#‘z:sr;.:&o::gg. T ASK
- Instrument Divisionv/
*‘ Grand Rapids, MI 49508 (//
4 118 C?NTROLLING OFFICE Nl.lﬁ AND ADORESS '
United States Air Force 23 Mar ol §1

Air Force S¥s§em§ Comﬁand - PMR SB
eropautica stem is

Qrig t-%atters n KFg, 6§ tg253

3 T4. MONITORING AGENCY NAME & Aowpgg_tm_fmmum. Office) | 1S. SECURITY CLASS. (of ihle report)

L%l; ii Unclassified

1Se. DECL ASSIFICATION/ DOWNGRAOING
SCHEOULE

13 _NuMEER OF PAGES
409

16. DISTRIBUTION STATEMENT (of thie Report)
Approved for public release; distribution unlimited.

2 R '. e | >
b ‘-.5.‘1 E E-—C" ‘ y; m
1 17. OISTRIBUTION STATEMENT (of the ebetrect entered In Bfock 20, if different from Report) A& APR 1 ']_ ‘98 j
0
b g

Same as report.

8. SUPPLEMEHNTARY NOTES
] Prepared in cooperation with Aeronautical Systems Division
and Norton AFB (AFISC).

19. KEY WOPOS (Centinue on reveree oide il neceseary and identily by bfoch number)
Crash Survivable Flight Data Recording
Crash Survivability

3 Crash Protected Memory

] Flight Data Recorder

] Digital Flight Data Reccrder

20. Aufl%cf (Continue en revecee oide {f rocecoary and identily by bleck number)

his report addresses the tasks required to determine
whether or not a Crash-Survivable Flight Data Recording
(CSFDR) System which meets the critical performance require-
ments and cost constraints dictated by tﬁe attack/fighter/
trainer (A/F/T) anplicaticn, can be defined with current )

avionics technolaogy for a volume production program. —> o\«

— /

yonts W73 Ecemion oF 1 Nov 68 1s ossoLETE Unelasaified Z:' -['! é 2 :2
‘ SECURITY CLASSIFICATION OF TNIS PAGK (Shen Date Entered)




Gl ]
»

Y =

Unclassified

SECURLTY CLASSIFICATION OF THIS PAGE(When Data Entered)

«-» The first task addressed is that of determining the
technical requirements.. _This task is subdivided into a
flight parameter evaluation, an-installations investigation,
and a crash-survivability investigation. > Following thtis, the
tasks required to formulate the well-defined technical approach
are addressed. These tasks include studies relative to stand-
ardization, expanded recording, data security, required readout
equipment, and future aircraft applications.

Special emphasis is given to potential memory technol-
ogies, data processing/compression techniques, and required
software/firmware for the CSFDR system.

Following these technical areas of study, the economic
areas for life cycle costs (LCC) and cost/benefit are analyzed.

The recommendation is to continue work in the CSFDR area.

i

N

Unclassified
SECURITY CLASSIFICATION OF THIS PAGE(When Date Entered)

-— o« = —

' S — ——




ACKNOWLEDGEMENTS

The Instrument Division of Lear Siegler Inc. wishes to express its
sincere appreciation to all those who have provided background material
and technical guidance for the CSFDR system study.

Major Jerry Schopf and Mr. Robert Gemin from ASD provided useful
information and contacts relative to the overall CSFDR system study.

LTC. Robert Sweginnis and Captain Dennis Dailey from Norton AFB
were extremely helpful in providing mishap data and other data relative
to AFISC use of the CSFDR system.

Captain R. Paxson, Mr. Raymond Veldman, and Mr. Cyril Peckham from

ASD provided very useful information relative to the expanded recording
applications.

Mr. Daniel Watters of the Naval Air Test Center provided very
useful information concerning the Navy ULAIDS program and the Navy
concepts for flight data recording.

Also, Mr. Leroy Burrows of the Army Aviation R and D Command sup-
plied some very useful information relative to the Army AIRS program.

Accessien For

NTIS cFast @ |
DTIC 143 r
Un: nanurned ]
Justilicatien

By _.__ _ - -
| Distrivotiong
Avall:iijiity Uadng 1

AL e or
Dist Cnecint

-y




R P O I W S W P

Gl

SUMMARY

This report addresses the tasks required to determine whether or
not a Crash-Survivable Flight Data Recording (CSFDR) System which meets
the critical performance requirements and cost constraints dictated by
the attack/fighter/trainer (A/F/T) application, can be defined with
current avionics technology for a volume production program.

The first task addressed is that of determining the technical
requirements. This task is subdivided into a flight parameter evalua-
tion, an installations investigation, and a crash-survivability inves-
tigation. Following this, the tasks required to formulate the well-
defined technical approach are addressed. These tasks include studies
relative to standardization, expanded recording, data security, requirec
readout equipment, and future aircraft applications.

Special emphasis is given to potential memory technologies, data
processing/compression techniques, and required software/firmware for
the CSFDR system.

Following these technical areas of study, the economic areas for
life cycle costs {(LCC) and cost/benefit are analyzed.

The stidy shows thet there are five primary driving functions which
must be optimized in order to assure a CSFDR system capability for A/F/T
aircraft. These are:

Minimize the total volume (size) of the CSFDR system
because space (real estate) is critical on A/F/T aircraft.

Minimize the total weight (including all cables, brackets,
and CSFIR components) impact to the aircraft because
weight is also critical for A/F/T aircraft.

* Minimize the LCC of the CSFDR system.

+ Crash protect and install the protected memory to survive
A/F/T Class-A mishaps.

Design the CSFDR system to operate throughout the high-g
maneuvers which are typical of A/F/T profiles.
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The study also concludes that these five primary driving functions
are satisfied if the following technical approach is taken:

* Separate the survivable memory pack‘from the remainder of
the CSFDR system electronics.

* Use a solid-state memory in conjunction with state-of-the
art techniques for data conversion/data processing/data
compression.

Threez CSFDR system configurations are analyzed in this report:

Configuration I - records the maximum number of flight
E parameters for the longest practical time
] needed to determine the cause of an A/F/T

E accident/mishap.
Configuration Il - records only the highest priority flight
parameters for the minimum time needed to

determine the cause of an A/F/T accident/mishap.

T T o

] Configuration III - similar to Configuration I, but includes

! non-crash-survivable memories to achieve
expanded recording functions for aircraft
structural integrity, turbine engine data,
and flight control monitoring.

b e G

Conclusions show that the current state-of-the art in electronic
technology permits Configuration II, with a minimum level of input
parameters (typically 35) and an average real-time storage of 19 minutes,
to be designed and produced at a size and weight applicable to A/F/T
% aircraft. The size and weight are significantly less than contemporary
' electromechanical recorders.

] Also, Configuration I, with a higher level of input parameters

] (typically 56) and an average real-time storage of 29 minutes, can be
designed and produced at a size and weight applicable to A/F/T aircraft.
The size and weight of this configuration are also significantly less
than contemporary electromechanical recorders. Moreover, the addition
of solid-state Mass Storage Units permits this configuration to be used
for expanded airhorne recording functions. The resulting recorder
system, Configuration IlI, is a single standardized family of modules

1 which can be used for any set of airdorne recording functions.

B b g

The memory technologies most suitable for incorporation into the
Crash-Survivable Memory Unit (CSMU) are the EE-PROM and MNOS types.




A data compression technique which uses floating apertures and a
zero-order polynomial predictcr, which is adaptive to flight conditions,
can b2 used to reduce the crash-survivable memory required. This, in
turn, reduces the overall cost of the CSFDR system.

The reprogrammability feature cf the CSFDR svstem permits a common
E design to be used for various aircraft. The A-10, F-15, and F-16 were
l studied for specific applications. Enough commonality exists such that
, a single CSFDR system concept can be implemented for these aircraft. 1In
- addition, the standard CSFDR system can be reprogrammed for many other
F applications.

All configurations studied had very positive cost/benefit ratios
for the three-aircraft program (A-10, F-15, and F-16). Characteristics

of these configurations are shown in table 1.

Table 1. Characteristics of Configurations I, II, and III

Completely solid-state sytem - Data Processor Unit (DPU) and Crash-
Survivable Memory Unit (CSMU)

Expanded recording functions - Via Mass Storage Units (MSU)

CSMU and MSU separable from DPU - Installed as single unit or in com-
binations of DPU plus remotely
located memories

L s

Low-Power Crash-Protected Memory - Very low power, solid-state,
(CPM) non-volatile
Microprocessor controlled - Data conversion, processing, and

compression, including BIT

SRt e

‘ CSMU survivability - Per recommended A/F/T crash-surviv-
: ability specification
Characteristic DPU CSMU MSU TOTAL

3 Size: I 212 in? 42 in? - 254 in3

11 197 in3 35 in? - 232 in3

It 212 in3 42 in? 108 in3 362 in?
Weight: 1 8.4 lhs 2.8 lbs S 11.2 1lbs

11 7.6 1lbs 2.4 1bs - 10.0 1bs

111 8.4 lbs 2.8 1lbs 6.0 1bs 17.2 lbs

iv




Table 1. Characteristics of Configurations I, II, and III (Continued)
Characteristic DPU CSMU MSU TOTAL
Power: I 40 watts 1 watt = 41 watts
11 35 watts 1 watt = 36 watts
111 40 watts 1 watt 10 watts 51 watts
Average 1 = 29 min = -
Flight II - 19 min - -
Time 111 = 29 min 15 hrs -
Retained:
Memory 1 = 131,072 bits = 131,072 bits
Required: 1II - 65,536 bits | - 65,536 bits
IT1 s 131,072 bits | 256Kx16 bits| 264Kx16 bits
MTBF: I 5,258 hrs 63,613 hrs - 4,856 hrs
11 5,580 hrs 89,047 t-s = 5,251 hrs
111 5,258 hrs 63,613 hr: 3,400 hrs 2,000 hrs
Maint. I 2.899 hrs 0.204 hvs - 3.103 ars
Mn/hrs 11 2.733 hrs 0.146 hrs = 2.879 hrs
per 111 2.899 hrs 0.204 hrs 3.823 hrs 6.926 hrs
1G00
Operating
Hours:
Program I 3,140 wds - S 3,140 wds
Memory: 11 3,000 wds = = 3,000 wds
I 3,400 wds - - 3,400 wds
Random 1 2,000 wds = = 2,000 wds
Access 11 2,000 wds = = 2,000 wds
Memory: 111 2,000 wds = & 2,000 wds
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The expanded recording functions have only a minor effect on the
conversion and processing functions of Configuration I. These expanded
recording functions are easily achieved by adding Mass Storage laits to
the basic system.

Encryption techniques which result in only one-half of a board of
processor ‘''real estate' can be used to provide all the security pro-
tection features required for operation at or near enemy territory.

A readout station having a four-level readout capability can easily
be provided to Norton AFB for mishap investigations. This station would
utilize a solid-state data processor retrieval unit made directly com-
patible with the existing Norton AFB EDP facility. Alternate readout
facilities are also possible at minimum risk to the USAF.

A portable Data Retrieval Unit (DRU) can also be us2d to extract
data from the CSFDR system. This unit utilizes Data Trarsfer Modules
(DTMs) which are already in the USAF inventory. Each DT consists of
8 K words x 16 bits of solid-state memory. These solid-state ''cassettes"
can then be sent to Norton AFB for timely use in the mishap investiga-
tion. Only one DRU is required at each base.

The overall CSFDR system concept is shown in figure 1.

The recommendation is to continue work in the CSFDR system area as
soon as funding permits. Although all three configurations studied had
positive cost/benefit ratios, Configurations II and III are the only
configurations recommended for future development and production. If
budget and time for development are not extremely critical, Corfig-
uration III is recommended. If either budget or time is felt to be
critical by the affected USAF agencies, then Configuration II is
recommended.

Also, Configuration Il is recommended for retrofit applications
where the aircraft structural integrity, turbine engine data, and flight
control recorders have already been procured and installed. For new
aircraft applications, Configuration III is the recommended recorder
system, and additional recorders need not be procured for these aircraft.

vi
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1. INTRODUCTION

There are two broad objectives of the CSFDR system study as described
herein:

a. Perform technical feasibility studies which relate specific
equipment configurations and capabilities to various aircraft applicaticns,
and to evaluate alternative technical approaches for meeting the application
goals.

b. Perform economic studies which compare life cycle costs
(LCC) to potential benefits resulting from incorporating a standard
CSFDR system into various aircraft programs.

The final output of the study allows factually backed decisions to
be made to continue the program into the prototype and production stages.

The top priority of the study is to cover the requirements for
attack/fighter/trainer (A/F/T) aircraft and the study is scaled accordingly.
Portions of the study which are covered, but ranked lower in priority,
are tri-service standardization, large-scale standardization, and expanded
recording applications.

General and specific studies for the A/F/T class of aircraft are
conducted. Specific aircraft include the A-10, F-15, and F-16. A
general A/F/T type of aircraft is hypothesized and application of the
CSFDR system to both existing and future aircraft is addressed. The
state of the art of crash-survivable recording systems is reviewed in
terms of memory technologies to determine the applicability of these
systems to the A/F/T problem. More advanced memory systems using solid-
state technology are analyzed in detail.

Specific technical tasks are:

Flight parameter evaluation
* Aircraft installation investigation
* Crash-survivability investigation
Tri-service standardization investigation
* Application to future A/F/T aircraft
*+ Large-scale standardization investigation
Expanded recurding applications
Security of airborne recorded data
Data readout facilities
Determination of technical approach
Reliability and maintainability analysis




Specific economic tasks are:

*+ LCC calculations for Configurations I, II, and III.
+ Cost/benefit analysis for Configurations I, II, and III.

It is recognized from the onset that solving the problem of providing
a CSFDR system capability for A/F/T aircraft is one of the more difficult
problems facing the avionics industry. Therefore, a heirarchy of design
requirements was formulated for the study and each specific area of the
A study was oriented to satisfying the top priority requirements. These
3 top priority requirements are:

* Minimum size

* Minimum weight impact to aircraft

* Minimum LCC

i *+ A high degree of survivability

1 * Continual uninterrupted recording through higk-g maneuvers.

] Although there are many additional requirements which the CSFDR
system must meet, it is believed that optimization of the top priority
requirements will provide the long sought after CSFDR sys em capability
for A/F/T aircraft.
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2. AIRCRAFT CRASH-SURVIVABLE FLIGHT DATA RECORDING SYSTEMS
2.1 Summary of the problem and its facets

Accident/mishap statistics for attack/fighter/trainer (A/F/T)
aircraft show an alarming trend in terms of cost per incident. The
percentage of incidents, in which the cause is unknown, remains unac-
ceptably high. Moreover, peacetime operational incidents have con-
tributed directly to the continuing problem of force shrinkage. 1In
fact, during the past several years, one service has bought fewer A/F/T
aircraft than are being lost in peacetime operational accidents. Current
rates of inflation and limited combat resources of an irreplaceable
nature strongly dictate that a CSFDR capability for A/F/T aircraft be
developed as soon as technology permits.

When aircraft accidents occur, it is extremely important to deter-
mine the cause in order to reduce the probability of future accidents.
Military and commercial aviation have definite procedures to cope with
mishaps as they occur. AFM 127-1, entitled Aircraft Accident Prevention
and Investigation, provides the framework for the USAF procedures.!
Actual authority and establishment of requirements for investigating Air
Force aircraft accidents and incidents is contained in AFR 127-4.2

The following words are “aken directly from AFM 127-1, section 8-1,
page 8-1:

Aircraft accidents can be prevented when
their causes are known. Causes can be
determined only by investigation....
lnvestigation provides information and
statistical data which serves as the basis
for corrective action and for strengthen-
ing the accident prevention effort.

It is important to note the reference to statistical data and its
importance as a basis for corrective action. A CSFDR system would
greatly supplement the amount and accuracy of such statistical data.

lUSAF Manual, 127-1, "Aircraft Accident Prevention and Investi-
gation". Effective date 14 July 1976.

2USAF Regulation, 127-4, "Investigating and Reporting U.S. Air
Force Mishaps". Effective date 18 January 1980.




i The following paragraph is also taken directly from AFM 127-1,
section 8-2, page 8-1:

1 The purpose of an aircraft accident inves-
. tigation is to determine all factors,
1 human and material, which directly or
:
F.

indirectly contributed to the accident.
3 This information can be used by pilots,

supervisors, commanders and staffs to
eliminate the cause factors and thus
prevent recurrence of similar accidents.
Each accident investigation adds to the
overall USAF accident experience, provid-
ing a basis for corrective action. The
proper use of accident experience results
! in the’elimination of accident potentials.
] Moreover, the requirements for additional
3 training are disclosed, realistic main-
tenance requirements are determined,
material is improved, future design cri-
teria are established and many other
long-range results are achieved through
the use ~f accident history. The accuracy
and thoroughness of investigation deter-
mines the adequacy of ultimate action to
remove or eliminate factors that cause or
contribute to accidents.

It is important to note the reference to accuracy and thoroughness
of investigation, which, in turn, detecmines the adequacy of ultimate
action. Again, the CSFDR system would be invaluable in this effort.

The need for recorded data is indicated from the two AFM 127-1
excerpts. However, this need is expressed more formally in the official
Statement of Need (SON) for Flight Data Recorder (FDR) for Attack/
Fighter/Trainer Aircraft.3 Paragraph 3a of the SON states the opera-
tional deficiency as follows:

R R —
.

3USAF "SON for FDR for Attack/Fighter/Trainer Aircraft", from AFISC
dated 27 August 1979, signed by General Garry A. Willard, Jr.
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Mishap investigations are inherently
tedious, time consuming, and costly. Many
findings of mishap investigation boards
are based on probable sequence of events
due to lack of concrete evidence. Most of
the time, physical evidence of systems
operation or malfunction is destroyed ip
the mishap. The lack of an FDR to record
and make available systems operation or
malfunction information greatly hampers
these investigations.

Thus, the need for recorded data 1s well established. Since exist-
ing A/F/T aircraft are not equipped with CSFDRs, current mishap informa-
tion is often vague and qualitative in nature. This information now
comes from reports from the other aircraft in the flight, eyewitness
accounts, study of the wreckage, study of the accident site scars, and
related data such as weather conditions, flight records, and maintenance
records. Thus, in many cases, the probable cause remains undetermined,
inaccurate, or too vague to satisfy the expressed need for corrective
action. Additionally, some mishaps have been charged to '"piloc error"
in spite of the fact that certain types of pilot error are design-induced
and the actual conditions which led to pilot error remain unknown.

It should also be noted that aircraft complexity and performance
have made the accident investigation process more difficult. This is
especially true for A/F/T aircraft. Moreover, the expense of A/F/T
aircraft has made the consequences more severe. Thus, there has recently
been an increased demand from accident investigators for accurate quan-
titative data.

Benefits to be derived from the CSFDR system are summarized as
follows:

+ Improved accident/mishap information data (which permits
a more accurate conclusion and a reduced number of future
accidents).

+ Reduced aircraft and aircrew losses.

* Reduced accident/mishap investigaton costs.

* Reduced reaction time in identifying and correcting
operational deficiencies.

* Reduced reaction time in identifying and correcting
aircraft hardware deficiencies.
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* Improvec strike capability due to reduced fleet down
times following an accident/mishap.

* Improved pilot morale by eliminating the possibility of a
spate of accidents due to similar causes.

+ Improved history of parameter limit exceedance for A/F/T.
+ Improved pilot performance/training.
* Imprecved data concerning subsystem performance.
* Improved maintenance data.
2.2 Background

Current CSFDRs are designed for use in large transport-type air-
craft and are electromechanical in nature. Two types are in use today:
(1) oscillographic recorders which produce markings on a metal foil,
and (2) magnetic tape recording systems which require a digital data
acquisition unit and a separate crash-protected digital magnetic tape
recorder. Both types are too large (usually over 700 cubic inches) and
too heavy (usually over 20 pounds) for effective incorporation ints
A/F/T aircraft. Moreover, the technology associated with these electro-
mechanical recorders is very mature and, therefore, it is very unlikely
that significant weight/volume improvements will be achieved in the
foreseeable future.

Nevertheless, the requirement exists for crash-survivable recording
systems on military aircraft as evidenced by directives and advisories
issued by the U.S. Air Force and Navy. Some systems have been installed
on large Air Force aircraft such as the C-5A, C-141, and C-135 transports.

A system has been specified and developed for the Air Force B-1 prototypes.

Some of these systems incrcase the probability of data retrieval by
ejecting a data pack from the aircraft when high acceleration or breakup
ic detected. A radio beacon is included to aid in locating the package.
A policy statement exists within the Air Force which advises the use of
crash recorders.® For large aircraft such as those mentioned above, the
policy statement can be met with existing hardware.

4U.S. Air Force, "Air Force Policy on Flighkt Data Recorders and
Crash Position Indicators', Chief of Staff Policy Letter dated 1¢ June
1973, signed by General John D. Ryan.




However, the requirements of the policy statement cannot be ful-
filled on high-performance aircraft, such as trainers and fighters,
because of the high cost, size, and weight of available equipment. As a
result, no high-performance aircraft, in inventory or comin: ¢n line,
have such a system installed for routine military operations. This
represents a paradox to many people because the accident rate of high
performance aircraft is significantly higher than that of transport type
aircraft.

Within the U.S. Navy, a directive is currently in force that requires
an ejectable type of system on all new aircraft being delivered.®

The Navy system contains voice and data and includes a radio beacon
located within the ejectable portion of the system. Large Navy aircraft
currently being delivered have such systems. However, for A/F/T aircraft,
such as the F-14 and F-18, the requirement has been waived because of
the size, weight, and cost associated with present technology.

2.3 Solving the problem

Emerging solid-state electronics and insulation technologies now
appear to offer an approach which is technically and economically teas-
ible for the A/F/T problem. Solid-state memories such as MNOS and CMOS
permit increased reliability, elimination of periodic maintenance,
reduced size, and reduced weight. Microprocessors permit a more effic-
ient recording process by analyzing the data and only recording the
non-redundant portions, therzby minimizing the amount of crash-protected
memory required. Microprocessors also permit easy growth to new, expanded
recording functions because of their high speed and reprogrammability
features. New insulation technologies, such as those currintly being
used in the NASA space program, appear to offer equivalent thermal
capabilities at reauced weight and volumcs.

Thus, the application of new CSFDR systems appears to be feasible
for small, high performance aircraft in the rurrent and planned USAF
inventory.

5U.S. Navy, "Crash Position Indicator/Flight Data Recorder Systems
for Naval Aircraft"”. Chief of Naval Operations Message CNO 1416102,
April 1972,




3. TASK/TECHNICAL REQUIREMENTS
3.1 Determination of requirements

3.1.1 Flight parameter evaluation

3.1.1.1 RFP requirements - As an introduction to the flight param-
eter evaluation section, & restatement of the RFP requir-ements is given.
The evaluation should be done in terms of:

a. Parameter characteristics

l a Dynamic range

s Data source

} J Relationship to time hiscory

0 Interrelationship of parameters between subsystems

b. Parameter relative importance

0 Benefit in accident/mishap analysis
9 Difficulty or cost to acquire
0 Difficulty or ease of data processing for recording and use
Installation accessibility
o Volume and weight addition
9 Reliability of data and effects on monitored systems
i 0 Safety effects on monitored systems

c. A general prioritized parameter list with rationale and sup-
porting data shall be compiled.

d. Specific parameter lists shall be compiled for typical example
aircraft: A-10, F-15, and F-16. These lists shall meet the requirements
of Configuration I (maximum number of parameters for the longest practical
time for A/F/T aircraft), Configuration Il (smallest number oY parameters
to provide adequate accident investigation in optimized size and cost)
and Coafiguration III (Configuration I with added parameters necessary
to round out the list for the structural integrity program, engine
health and flight control monitoring).

T T

| e. These specific lists shall diifer from the general list as
E necessary for the unique requiremeats of the three example aircraft.
The priority sequence shall also be tailored to the unique requirements.

3.1.1.2 General discussion of parameter needs, uses, and types

a. Flight parameter ty, res and groupings can be organized into the
following generalized catego. ies:




D Flight dynamics
g Flight control systems (including pilot input)
D Engine/power plant (including hydraulic)

. Avionics systems/reference systems
2 Weapons/stores inventory and delivery systems
e Miscellaneous subsystems and devices (such as ianding
gear, antiskid, nosewheel steering, et:.)
. 0 Enviroamental systems
E . Electrical power systems

b. Types of contributions to mishaps and accidents. The param-
eters to be recorded are intended to provide sufficient information to
deduce the cause of the accident/mishap which may be precipitated by
individual or combinations of the following conditions or situations:

* Structural, equipment or component failure. If all
accidents could be attributed to failures, then a com-
prehensive status and BIT monitoring system would provide
all of the parameter data required. Dynamic data, flight
control input and response data would be unnecessary.
Such is not the case. Most accidents occur when the
pilot or aircraft is at or near the limits of the respec-
tive performance capability.

P Operation outside of and departure from the safe flight
envelope. With all systems working perfectly, the air-
craft's capabilities or its subsystems' capabilities may
be exceeded, resulting in stalls, spins, collisions,
failure to pull up, induced structural failure, etc.
This, in the broad sense, could be attributed to pilot
error, but, for analy;is purposes, it is necessary to
record parameters defining the aircraft dynamic responses
and flight path.

d Exceeding operational limits. Again, this can be called
pilot error, but is separated out for the purpose of this
: study because it requires that certain distinct parameters
, be recorded. Consider the relatively simple case of
deteriorating weather and diminishing fuel svpply. Time,
- total fuel, power settings, and a2ircraft configurations,
j for example, are all important in deducing the cause of
the crash if the pilot does not survive.

0 Human error/physical impairmeat. Obviously, errors in
instrument reading and pilot judgment cannot bLe recorded.
The effects, to a great extent, can be rccorded. 1f
sufficient parameters ar2 recorded to show the iastrument
and other inputs to tb= pilot, and points are moiitored




that record the pilots reaction, then the pilot's judge-
ment and response can be deduced. These same parameters
allow for a reasonable deduction of the possibility of
physical impairment.

. Outside influences, catastrophic or deteriorating situa-
tions. These situations can be recognized by examples
such as midair collision, terrain impact, and bad weather
with izing or heavy turbulence. Some of these can be
related to pilot and equipment limitations with final
overwhelming by the outside influences. Recording of
navigation parameters, secondary aircraft functions such
as anti-ice status and g forces would be useful for the
above examples.

3 Temporary induced failure. As an example, consider the
events or conditions leading to a flameout. This type of
situation may use the same parameters for anilysis that
are recorded for the analysis of engine failure. In
addition, however, the pilot's actions and aircraft
dynamic response just prior to flameout are needed to
help determine the cause, not just the fact of the flame-
out. It is the cause of the anomaly that is sought, not
the result of the anomaly.

3.1.1.3 Development of the flight parameter general list - The
flight parameter general list is developed in the following manner.
First a comprehensive list is generated for each of the categories
listed in 3.1.1.2a. This list is intended to contain every obtainable
parameter in each category that could be of conceivable use in accident/
mishap investigation. Since the list is not specialized, :#=y %f the
parameters will be general, but hopefully sufficient to prevent over-
looking of similar specific parameters for the special lists prescuted
lat~r. The general list is followed by another list which has been put
into a prioritized order based on rz25t user lists and stated priocrities.
It is listed in the exaci order derived. Additional details will appear
in that section. Upon reviewing the first prioritized list, it becomes
apparent that certain relationships and balances will require some
reordering of the list. Next, specific lists are presented for the
A-10, F-15, and F-16. The lists are comprehensive listings showing the
Alternate Configuration I list of parameters. Reasons for specific
selecticns are explained. The list is then edited donwn to Configura-
tion IT, the minimum number of parameters deemed necessary for accident/
mishap analysis.

Section 3.2.4 will cover the additional parameters needed to replace
the functions of the existing ASIPs r=corders, the engine health recorders,
and any rem2ining flight control parameters.

10
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a. General parameters list (table 2). The general parameters list
is categorized according to the parameter characteristics listed in
3.1.1.2a. It is intended to contain all parameters useful to accident
investigation, structural integrity, engine heaith and flight control
functions.

b. Interrelationship of parameters. The interrelationship of
many parameters will often permit sore to be omitted from direct record-
ing and, instead, to be derived from the others. Reciprocal derivations
do not always produce satisfactory data as will be indicated later.

This paragraph will only touch the surface of the subject with some
simple examples.

Inertial Measurement Units are being considered on most aircraft,
and have certain outputs available on the multiplex bus that cover the
full dynamic range of the aircraft. Unfortunately for accident/mishap
analysis, the velocity and acceleration data is in the fixed-earth axis
coordinate system (for navigation). The IMUs also output roll, pitch
and heading data which supply the needed Euler angles for conversion to
aircraft axis information which can be comput:d on the ground. Also
derivable are angle-of-attack, sideslip and rotational rates. The
derivable parameters are mathematically correct only in a no-wind condi-
tion since the inertial data represents motion in respect to (for pur-
poses of this discussion) the earth which may include strong winas. The
data needed for the accident/ mishap investigation is mostliy aircraft
motion in the airmsss. Wind data, if known, could be used in the deriva-
tions, although it would not, however, be practical unless recorded with
the other data. Such is possible, since the IMUs output true heading,
aircraft heading and ground track in some form. TACAN inputs would be
helpful. Generally, angle-of-attack and sideslip angles obtained by
derivation contain large errors because nf local disturbances, the
extreme smoothing of the navigztion data, and the complications of the
derivations with dynamically changing at*itudes and the number of vari-
ables in the computation. Where the 1iy€iculty or expense of adding
primary aircraft axes motion sensor: is probibitive, data derived from
existing IMU outpu's would probably b~ adequate for most mishap analyses
(although obviouslv dependent upon a functional IMU). LSI is presently
using derived roll, pitch, and yaw rates for HUD inputs for air-to-air
use in 4 foreign fighter aircraft update program.

11




Table 2. General Parameters List

1.A. Dynamics parameters

—

Time

Cal airspeed
h (altitude)
Heading

<
»

Body axes velocities

-

o

O W NN W N
<

z = <
o]

Body axes accelerations

y
10. N
z
11. 6 (pitch attitude) ™
12 ¢ (roll attitude) Euler angles
£ 13. ¥ (yaw (A heading))
- 14. ) (pitch rate)
15. & (rcil rate)
k .
16. ¢ (yaw rate)
{ 17. ¢ (roll acceleration)
18. B (sideslip)
1 19. a (angle of agtack)
3 20. h (vertical velocity) (from ADC)
;
] 21. V!
X
22. v Earth reference velocities
23, v
z
24, 0.A.T.
25. Weight and balance
26. Mach no.

27. Latitude and longitude

12
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E Table 2. General Parameters List (Continued)

ﬁ 1.B. Flight control systems parameters

Primary

GR (rudder(s) position)
6HT (horizontal tail(s) position)

6A (aileron(s) position)

FR (rudder pedal force (or position))

FE (longitudinal stick force (or positioq))
FA (lateral stick force (or position))
Trim X

Trim Y

W 0~ N W -

Trim Z

—
o

Status discretes

Secondary

Flups position

Slats (L.E.F.) position

Speed brake or spoiler position
Wing sweep angle

Flap handle position

Slat position command

Speed brake command

o ~N N N W N

Sweep angle command

13




Table 2. General Parameters List (Continued)

—

CAS & SAS
1. Roll, pitch, yaw monitor and status
2. Paddle switch actuation
3. Autopilot status

1.C. Power plant (jet, turboprop) parameters

RPM (N; N,, propeller)
EGT, FTIT, ITT

CDP, EPR

Vane position CIVV, RCWVV

o e

Nozzle position

Thrust reverser position

Throttle position

Afterburner status

OO NN W e

Torque

—
(=]

0il pressure

—
o
.

0il quantity
Fuel flow

™
—
w N

Fuel pressure

14. 0il temp
15. Fuel temp
16. Hydraulic pressure

17. Hydraulic oil level

18. Utility hydraulic pressure
19. Starters, JFS etc.
20. EPU fuel

14




Table 2. General Parameters List (Continued)

1.C. (Continued)

21. Chip detector
22. Gear box temp

23. Vibration sensors
24, Status warning discretes
1.D. Avionics systems parameters

Only some avionics systems are of interest, and of
those, certain limited parameters including status, BIT

data, and bus data are provided by the central computer.

‘ cADC
1. Validity status
2 h (altitude)
3. Airspeed
4. h (vertical velocity) LiZtad o 1A, Hlse
5. a
6. B
Radar
1. Altitude
2. Terrain clearance pitch commands
3. Functional status

O
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Table 2. General Parameters List (Continued)

1.D. (Continued)

IMU (INU, INS)

? ) Validity status
. 2. Ground speed
f 3. Inertial true airspeed
: AHARS
1 1 Validity status
2 Roll attitude Listed in 1.A., could back
E 3. Pitch attitude up IMU-derived parameters
: 4 Yaw rate

Fuel management system

Validity status

Fuel per tank (internal and external)
Balance warning signals

Bingo fuel

Purge system status

Pump functions

Engine feed tank levels

0 ~N N W N

Some parameters listed with engine section
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Table 2. General Parameters List (Continued)

Centrai or fire control computer

1. Validity status

Many of the derived parameters originating
in IMU, AHARS, CADC, etc. are available as
Computer MUX Bus outputs. The resultant
desired parameters are in the dynamics list.
The computer can usually select from between

several sources and provide the best available

data.
1.E. Weapons stores inventory and delivery system parameters
1. Pylon stores identification and inventory

(3™

Gun status
Rounds remaining
Delivery mode selection

Weaprns release and intervals

[« L

Malfun: tions

17
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Table 2. General Parameters List (Continued’

1'5E" Miscellaneous subsystems parameters
1. Landing gear position
2. Landing gear control position
3/, Antiskid status (or wheel rpm)
4. Nose wheel steering
5. Drag chute status
6. Arresting hook status
7. Flares and chaff dispenser status and count
8. Comm, status
9. Transmit keying
10. Fire lights
1! Master caution light
' 12. Halon pressure

! i3. Squat switch

4 14. Caution panel warning lights
15. Marker beacon passage

] 16. Glide slope

17. Localizer
18. Tacan bearing
19. DME

20. Canopy lock

21. Internal stores doors and racks
22. Anti-ice

23. Accumulator pressures

24. Strain gages

18
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Table 2. General Parameters List (Continued)

1.H.

Environmental parameters

Cabin temperature
Cabin altitude
Oxygen pressure
Oxygen remaining
Jxygen flow

Equipment cooling

~N 3N LW

g levels (previously listed)

Electrical parameters

1. Gen voltage (AC)

Gen status (AC)

Bus status (may be 4-5 discretes)

28 VDC gen or converter voltage and status
Emergency gen status

APU, EPU, JFS status and output

Inverter voltage

oo ~N O W

Battery voltage

19




Another form of interrelationship involves parameters of the same
family. For example, if roll attitude, roll rate, and roll acceleration
are all available, should all three be recorded? Presumably, if the
roll attitude sensor has the response capability, and enough samples are
recorded, then the other two are available as derivatives. The second
(acceleration) derivative may be quite noisy. If the accelerometer
output is used instead, and integrated twice, the error in attitude will
grow rapidly with time unless the sensor and electronics approach the
quality of the IMU or at least of a strapdown system. If all three (or
even two) are available, they need occupy no more memory space in the
recorder than would one parameter with optimized compression. Since
they are related parameters, a small amount of preprocessing under
software control requires only recording a starting or reference atti-
tude, a time-related peak acceleration, the slope (or rate) when stab-
ilized, and, again, the attitude at the inflecticn point (slope zero and
maximum acceleration). This simple linear differential relationship
permits accurate motion reconstruction with a minimum number of data
points. The position, rate and acceleration can be derived from a single
sensor through preprocessing and recorded in the same manner (with less
final accuracy). A third example can be demonstrated by choosing one
axis (such as lateral) of a relatively ccmplex control system of a
modern fighter aircraft. There is no direct feel of the pressure on an
aileron reflected btack to the stick. There exists a rather complex
system of mechanical hydraulic and electrical control along with emer-
gency backup, (¢ controlled gain changes, automatic trim changes, arti-
fical feel, etc. The desire is to determine control stick inputs vs.
aileron output. This could involve linear output transducers for each
signal and up to 20 resolution steps for each parameter to be recorded.
Also recorded would be CAS/SAS status, failure discretes, etc.

The known relationsirip, under all normal operating conditions, of
the stick position and prezsure vs. aileron position can be used to
reduce the data samples to be recorded. The stick pressures can be
sampied in twenty increments (plus and minus), while the aileron posi-
tion can be inferved in normal operation. Further verification of
aileron motion can be deduced by roll rates induced. There are, how-
ever, certain maneuvers or failure conditions where the inferred data
may be wrong. To preclude this, the aileron position can be recorded in
much lower resolution steps than the stick, and, in most cases, the
intervening positions can then be interpolated adequately. A more
sophisticated approach providing a further reduction in data recorded
during normal operation is to model the expected aileron positioning in
respect to inputs such as stick position and gain change and failure
discretes, and to record aileron position only when it does not conform
to the model. Once it is outside of the model envelope it's position
would be incrementally recorded. Many dynamics, flight contrcl and
engine parameters are candidates for the modeling method.
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3.1.1.4 Minimized general list - Table 3 is the general list from
table 2 reduced to contain the minimum number of parameters assumed to
be adequate for mos:u accident/mishap investigations. It is organized in
the same parameter type sequence as table 2.

Each category consists of three lists. The first list represents
those parameters inputted to and monitored by the recorder subsystem
some of which are recorded. The second list is of parameters which can
be derived from the recorded ones during ground playback and post-
processing. The third list consists of those minimum parameters deemed
necessary for post-crash analysis. The lists are not prioritized at
this point in the analysis.

3.1.1.5 Prioritization and selection methods - It is desirable to
format parameter lists in descending order of importance. By placing
the lowest priority parameters at the bottom of the list, they may be
lopped off as necessary to reduce the list to manageable size. This
approach is a good goal, but many parameters can be better prioritized
in groups (e.g., the groupings used in earlier paragraphs such as:
dynamics, engine, flight controls, etc.). A comprehensive list will
contain many parameters of each group. Engine parameters, as a group,
may be expanded or reduced as may the dynamics parameters. Listing by
group makes it easier to tailor the lists to specific aircraft and
application. In a final minimum list that may fit within a small size
of recorder memory, a particular parameter may be very important, whereas,
it may have been easily derivable from other parameters in the expanded
list and, therefore, of low recording priority in the expanded list.

Table 4 is a work sheet used to derive a composite of previously
prioritized lists such as the National Transportaiion Safety Board
(typical for transport aircraft), the parameter preference lists®
compiled by Norton AFB for the A-10, F-15, and F-16 accidents and a
priority list made up from 221 Class-A accidents for A/F/T aircraft.
The statement of ne~¢ (SON) list ranking is compared with the composite
list (last cnlumn of table 4, "Composite Priority List Work Sheets").
There is very little resemblance in the ranking of the two lists. The
most asked for parameters appear to be completely random in respect to
category or source of the parameter as might be expected. Most of the
"source'" lists follow a particular order, generally with dynamics param-
eters followed by flight control parameters and engine parameters, then
others. Table 5 presents the composite priority list in ranking order
for a comprehensive list, prepared to prevent omission or oversight

SLetter from Philip J. Greeley, Col USAF, Dated 7 October 1980, to
Lear Siegler, Inc.
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; Table 3. Minimized General Parame*ers List

2.A. Dynamics parameters
3 (1) Input to recorder preprocessor
1. Time
2. v !
X
3. v Fixed axis Reduced to *
4 Vy' velocities the equivalent
’ z of 3 parameters
5. Nx' for recording
3 6 N ! Fixed axis by preprocessing
' ) y accelerations
7. N ~
z
8. 6
|
9. ¢ Euler angles

10.  Heading ({)
11. Altitude
12. Ground track (or lat. and leng.)
13. Cal airspeed

14, o (if avaiiable direct)
15. B (if available direct):}

Not recorded if not
available direct

16. Total fuel (affects performance envelope)

* Alternativ:ly, some todv axes dynamic data can be obtained directly
from Flight Control System seasors.
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; Table 3. Minimized General Parameters List (Continued)
3
(2) Ground station processor output
F 1 \'
t X
3 25 Vv Body axis translatory
i 3 Vy velocities (derived) (IMU)
: z
] 4. N
. X
: 5. N Body axis translatory acceler-
6 Ny ations (derived) (IMU)
) z
e 0 (pitch attitude)
8. ¢ (roll attitude) Direct (IMU or AHARS)
9. ¢ (yaw (A heading))
3 10. ) (pitch rate)
11. ¢ (roll rate) Derived (uirect if available)
12. @ (yaw rate)
13. @& (roll zcceleration) Derived (direct if available)
14. B Direct:} (or derived, possible
) 15. o Direct high error)
16. Heading Direct
17. Grouns track
(or lat./long.) Direct
. 18. Mach no. Derived
19. Altitude Direct (IMU or CADC)
20. Cal airspeed Direct (ADC)
21.  Vertical velocity Direct (Vz' or CADC)
22. Time Direct
23. Total fuel Direct
1
]

——




Table 3. Minimized General Parameters List (Continued)

This shows that 23 parameters can be obtained from the
f recording of 14 to 16 parameters. If the IMYU is not
v present, then other direct sources of body axis attitudes,

rates and accelerations are required.

The total recorded parameters will not increase since
certain inertial data required in the transformations

are not required with the direct body axis data.

(3) Most important dynamics parameters to be used

6 for analysis.

Time

o

Cal airspeed
Altitude

Vertical velocity
Normal acceleration
Lateral acceleration
Pitch rate

Yaw rate

O 0 ~N O U &~ W

Pitch attitude

-
(=]

Roll attitude

[
-
.

Roli rate

—
N

Roll acceleration
Angle of attack (From ADC)
Sideslip angle (From ADC)

b e
v s~ W

Heading (Inertial)

Several of the dynamic parameters can be eliminated for

specific aircraftt.
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Table 3. Minimized General Parameters List (Continued)

2.B. Flight control systems parameters

(1) Input to recorder preprocessor

On

R
HT
A
R
E

O O

A
Pitch trim

Status discretes of CAS/SAS

OO0~ O W
o

Slats on LEF open/closed discrete

—
o

Flaps up/down discrete

—
—

Wing sweep when applicable (F-111)

—
N

Speed brake open/close discrete

Preprocessing philosophy suggests no need to record any of the
above variables 1-6 unless the status discretes indicate failure
modes, or if aircraft motion sensors indicate high acceleration

or rates above predetermined thresholds.
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Table 3.

Minimized General Parameters List (Continued)

(2)

O 00 N O UV S W -

—
NN = O

Typical recorded flight control data available to

ground processor

Pitch trim position when changed

Wing sweep position (where applicable)

FCS CAS/SAS status discretes when changes occur
Slat position when changed

Flap position when changed

FR

FA Only when pre-defined criteria are met
FE

6R

6A Only when exceed preprocessor model

5 or tolerances

HT

Speed brake when changed

Very little flight control data will be recorded unless

failures or turbulent flight occur.

(3)

N e W N

Most important flight control parameters

Pitch trim (scme aircraft)

FCS status and failure discretes

Slat or flap position (specific aircraft)
FA

FR

FE
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Tatle 3. Minimized General Parameters List (Continued)

: GA Can be reccnstructed from input data

: 8. 6R and model used in preprocessor or

; 9 5 recorded data when model exceeded

8 Where recording capacity is limited, control surface position
% may be deduced from control inputs and aircraft response in

1 most cases.

' 2.C. Power plant parameters

(1) Input to recorder preprocessor

1. RPM (N; or N;) (Record predetermined increments)

2. EGT, FTIT or ITT (Record predetermined increments)

3. Throttle position (Record predetermined increments)

o Hepzie position:} Model in preprocessor and record

5 Fuel Flow only if outside model limits

E 6. Vibration sensor (Requires special conditioning)

7. Fire light (discrete)

8. CDP or EPR If available (Recod increments)
0il pressure Record increments

10. Hydraulic pressure Record increments

I1. Afterburner status

(2) Typical recorded power plant data

{ 1. RPM

2. FTIT

8. Throttle position
{ 4. Nozzle position

bt e
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T it 4

Table 3.

Minimized General Parameters Lict (Continued)

O 0~ O W

(3)

O 00~ O U W e

—
o

Fuel Flow
Vibration sensor
Fire light

CDP or EPR

0il pressure
Hydraulic pressure

Afterburner status

(Only certain changes)

(Only in the event of Fire)

(Only available on some aircraft)
(Record fail discrete)

(1f out of normal range)

Most important power plant data available for analysis

RPM

FTIT

Throttle position
Nozzle position
Fuel flow :}
Fire light }
0il pressure

CDP or EPR

Afterburner status

Hydraulic pressure

(Actual)
(Actual)
(Actual)

Available from model or actual
if excessive deviation from model

Discrete indications
of problems

(Actual if available)
(Derived from other parameters)
(If abnormal)

Typical flights would only record three or four power plant

variables, and then only when certain deltas are exceeded.
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Table 3. Minimized General Parameters List (Continued)

2.D. Avionics systems parameters
(1) Input to recorder preprocessor (parameters listed
with other sources will not be relisted unless
i they provide backup or alternate sources)
] 1. CADC validity status or words
2. Vertical velocity (CADC alternate source)
3. o (alternate source)
4. B (alternate source)
5. IMU validity
6. AHARS validity
7E Roll attirude (AHARS backup)
. 8. Pitch attitude (AHARS backup)
3 9. Yaw rate (AHARS backup)
;u 11.  Roll rate (HUD source backup)
12. Yaw rate (HUD source backup)
13. Pitch rate (HUD source backup)
. 14. Central computer (FCC) status word
{ (2) Recorded avionics systems data
1 CADC status and validity (Only if abnormal)
2 AHARS status and validity (Only if abnormal)
3 3. FCC status and validity (Only if abnormal)
4 4 IMU status and validity (Only if abnormal)
3
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Table 3.

Minimized General Parameters List (Continued)

2.E.

(3)

Most important avionics parameters. The most
important avionics parameters in the list of
2.D. are the validity indications for avionics
subsystem parameters being recorded. These will
amount to an average of four to five digital
discretes for each subsystem contributing data

(with about 15 total).

Weapon stores and inventory parameters (also external

fuel tanks)

(1)

(2)

Input to recorder preprocessor

Rounds remaining

Stores status for each pylon or station
(type of weapon on stations can be logged
when installed, eliminating the need to

record.)

Recorded stores data available to ground station

Data logged when weapons loaded

Stores dropped or fired per station (with time)
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Table 3. Minimized General Parameters List (Continued)

(3) Minimum stores data recorded

14 Stores fired or dropped from one wing tip to
fuselage centerline (acceptable where the number
of recorded parameters are limited since stores
are dropped or fired from alternate sides to

maintain symmetry).
1 2. Hung stores status
2.1 Miscellaneous subsystems parameters

; (1) Input to recorder preprocessor

E 1. Master caution

é 2. Transmitter keying

% 3. Canopy lock (cargo or hatch door)
4 4. Anti-ice status

Landing gear position
Weight on gear
Antiskid

-~ o W

(2) Typical recorded miscellanecus parameters available

3 to ground processor (same as in 2.F.(1))

(3) Most important miscellar2ous parameters

Sha

1 Master caution
2. Landing gear status
3, Weight on gear
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Table 3. Minimized General Parameters List (Continued)

2.G. Envivonmental parameters

(1) Input to recorder preprocessor

?. 1. Cabin temperature (to be recorded only if out of ncrmal
1 range)
2. Cabin altitude (model against outside altitude and

record only if out of model limits) (only if <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>