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EXPERIMENTAL FACILITIES AND AIRCRAFT CERTIFICATION

FOREWORD

These Proceedings include the reports delivered during the First
International Symposium "Experimental Facilities and Aircraft Certifi-
cation". The Symposium was organized by Russian governmental
bodies: State Committee on Defense Industry Branches, Aviation Reg-
ister of Interstate Aviation Committee, Air Transport Department, and
leading Russian research centers: the Central Aero-Hydrodynamic
Institute (TsAGI), the Flight Research Institute (LII), the Central
Institute of Aviation Motors (CIAM), the Ali-Russian Institute of
Aviation Materials (VIAM), the Research Institute of Aviation
Equipment (NIIAO). ‘

The Symposium took place in summer 22-25 August, 1995 in
Zhukovsky, the picturesque proximity of Moscow, where TsAGI, LII,
NITAO were situated. As it got into practice the Symposium was held
within the scope of Moscow International Aero-Space Salon-95. Over
three hundred Russian participants and forty participants from the
USA, Canada, the UK, France, Germany, India, Ukraine attended the
event. 88 reports and over 80 posters were presented during the
Symposium. Topics of interest included experimental facilities and
certification testing for aircraft and helicopters.

The Symposium was aimed at stimulating international activities
of specialists and encouraging free exchange of information and views
on today's standing of experimental facilities and aircraft certification.
In addition to the scientific sittings the participants had a chance to
get acquainted with experimental facilities of the Russian scientific
centers, to observe the exhibition at the Salon and to enjoy a spec-
tacular aeroshow given by famous pilots.

The working languages of the Symposium were Russian and
English with providing simultaneous translation at the plenary ses-
sions. The Symposium Proceedings are published in English to give
specialists from different countries an opportunity to get better
acquainted with Russian research and development activities in certifi-
cation of facilities and aircrait.

Publishing committee
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EXPERIMENTAL FACILITIES AND AIRCRAFT CERTIFICATION

Organizers:

Russian State Committee on Defence Industry Branches
Aviation Register of Interstate Aviation Committee
Air Transport Department
Main Aviation Industry Administration
Research centers:
Central Aerohydrodynamic Institute named after Prof. N.E.Zhukovsky
Flight Research Institute named after M.M.Gromov
Central Institute of Aviation Motors named after P.I.Baranov
All-Russian Institute of Aviation Materials
Research Institute of Aviation Equipment

Organizing and program committees:

A.G. Bratukhin {chairman), V.V. Gorlov (deputy  chairman),
AYa. Knivel (deputy chairman), V.V. Sushko (deputy chairman),
B.M. Abramov, V.A. Goryachev, V.Ya. Neiland, D.A. Ogorodnikov,
R.Ye. Shalin, L.M. Berestov, Yu.A. Stouchalkin, V.L. Scukhanov,
V.N. Velikov, V.T. Dedesh, Ye.B. Kachanov, Yu.A. Nozhnitsky,
T.A. Nurullaev, V.N. Souchkov, V.V. Podlubny

We wish to thank the United Air European Office of
Aerospace R&D and the United States Army European Research
Office for their contribution lo the success of this Symposium
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PROSPECTS OF CIVIL AVIATION DEVELOPMENT
AND AIRCRAFT CERTIFICATION IN RUSSIA

A.G.Bratukhin

State Committee on Defense Industries Branches, Moscow, Russia

Aviation Industry in Russia is a big machine-building branch with
a high scientific and technological potential affecting progressively
many allied industries-electronics, communications means, radio and
metallurgy industries, etc.

Aviation industry enterprises embracing over 80% of the former
USSR's Minaviaprom potential are located actually in every economic
region of Russia and provide over 3 million jobs, with the related in-
dustries being taken into account.

It is significant that Russia together with other CIS countries form
one of the three world aviation centers (besides the USA and United
Europe) capable of performing the entire cycle of modern airliners de-
velopment and manufacture, these being super complex technical sys-
tems based on advanced technologies.

To secure the national interests of Russia in civil aviation area re-
sponsible to a great extent for a dynamic social-economic develop-
ment of the country the State Committee for Defense Industries has
elaborated a national scientific and engineering program called
"Program for civil aircraft development in Russia up to 2000". The
Program has won the Russian Federation Government's Approval and
has been granted the Federal Program Status.

An unprecedented conversion process, involving the aviation in-
dustry reorienting towards development and manufacture of new civil
aircraft and helicopters with high performance, as per the goals set
forth in the Federal Program, will allow the Russian airlines’ fleets to
be re-equipped as regards every aircraft type before 2000—2005.
Alongside the re-equipping of airliners with most advanced, both from
the technical and commercial points of view, aviation equipment, and
the solution of most acute problems of the Russian transport infra-
structure, the Program would prevent a loss of the aviation industry's
unique scientific and engineering potential, known for its world-level
achievements, advanced technological equipment and highly skilled
people.

The Program in question is an integrated one: it covers all the
stages of developing Russian aircraft and helicopters which are not in-
ferior, from the technical point of view, to the best aircraft types of the
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world. The Program includes coordinated questions of lead research
and development to be carried out in areas of aviation science, engi-
neering, technology, materials, certification of aircraft types ensuring
their reliability and safety, aircraft production certification and setting
up and mastering of full-scale production.

The major goals of the Program are:

1.

“CA'\.

Development by 2000 of new generation civil aircraft con-
forming to the forecast technical and economic levels of per-
fection, which include:

— fuel efficiency of all airplane types to be brought up to a
level of 15—18 g/pass-km; of commuter airliners —
15—25 g/pass-km depending upon the passenger capa-
city, and 0.5—0.7 kg/t-km of helicopters;

— full compliance with the international requirements of
flight safety, airplane ecological influence upon the envi-
ronment and passenger cabins comfort;

— technical provisions for the flying hours number to be in-
creased to 3500—35000 for big airliners of various types: to
2400—3000 for commuter airplanes and to 1800—2400 for
medium and large helicopters due to their structure servi-
ceability;

Retaining of the scientific and production potential of the
national aviation industry as a major factor of its competi-
tiveness in the world market;
Expansion of the range of full-scale production aircraft types
to be employed for various purposes (in agriculture, forest-
fire fighting, ice and geological reconnaissance, fishery re-
connaissance, map-making, patrolling and nature protection);
A considerable enhancement of ergonomic characteristic and
serviceability of civil aviation products by implementing new
technologies in avionics, digital electronic equipment and
advanced structural materials, non-metals included;
Forming a scientific and engineering reserve for aerodyna-
mics, gas dynamics and aircraft strength investigations; for
achieving great {supersonic as well) flight speeds; hypersonic
technologies (material, power plants and structures); study of
prospects of developing aerospace vehicles and airliners of
super passenger capacity. The Program forces production of
up-to-date comfortable airplanes with low fuel consumption,
such as the long-haul IL-96-300 aircraft and IL-114 commuter
airplane designed by the S.V.llyushin bureau; medium Tu-204
and short-haul Tu-334 of the Tupolev bureau; commuter,
business, agricultural, ambulance, tourist and taxi airplanes of
general designers R.A.Belyakov, M.P.Simonov, G.V.Novozhi-
lov, A AN.Dondukov, G.E.Losino-Losinsky and V.K.Novikov.
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Within the framework of conversion the Beriev ANTK (general
designer G.S.Panatov) is developing a multipurpose amphibian aircraft
in search-and-rescue, cargo-passenger, anti-fire and ecology moni-
toring versions.

Helicopter design bureaus {(general design designers S.V.Mikheev
and M.V.Vainberg) are working to create and start full-scale
production, in collaboration with the related plants, of highly efficient
Ka-62 and Mi-38 helicopters to be made of polymer composite
materials and have high fuel efficiency and flight performance.

In the sphere of international cooperation the A.N.Tupolev ANTK
and S.V.lyushin design bureau are implementing development
programs for a second-generation supersonic airliner and wide-body
airplanes to carry 500—600 passengers. Despite the difficulties
encountered the work carried out under the federal "Program for civil
aviation development in Russia up to 2000" permitted to have almost
everything planned for the 1992—1994 period completed. The
principal results attained:

— the IL-96-300 long-distance wide-body started passenger

services in 1993;

— an airworthiness certificate has been obtained for the Tu-204
medium haul airplane; passenger carriage is scheduled for
1995;

— the An-124 cargo airplane has been certificated;

— it is for the first time in our history of aviation that
certificates have been received by the Ka-32A, Mi-34 and
Mi-26 helicopters; the Ka-32A-1 helicopter has also been
certified and entered service;

— certification tests are under way for the IL-98M, Tu-204-120,
IL-114, IL-103 and An-38 aircraft, Tu-204 cargo version, Ka-26
and Mi-172 helicopters, etc.;

— integrated research and development work has been
performed on new air-vehicles: Tu-334, Be-200, Tu-330,
IL-76MF airplanes and Mi-38, Ka-62 helicopters, etc.

There has been launched work aimed at studying and creating
the required scientific and engineering reserve in science, engineering
technology, materials, integrated quality support systems for aviation
industry products, their production certification, etc.

Among these developments there should be emphasized the

following ones:

— new wing configurations by TsAGI designed for greater
cruise speeds (M =0.78 for short-hauls airplanes and M=0.85
for long-distance ones] and this will allow their cost
effectiveness to be raised considerably;

— research carried out by TsAGI to work out recommendations
for lowering the structure's weight, with the airplane long
service life being provided at the same time (60000—90000
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flights} suggestions in collaboration with CIAM on a wide use
of modern composite materials and aluminum-lithium alloys
being made as well as proposals on active systems usage to
decrease loads and ideas to increase the flutter critical
speeds;

— CIAM development of scientific base for creating an engine
with a super high by-pass ratio, that has been implemented in
the NK-93 engine development;

— experimental bench, and flight testing by CIAM doing
research into the ramjet engine intended for future air
vehicles of super high speeds;

— to master satellite technologies and participate in introducing
the global communications navigation and observation
system based on these technologies, the LII has conducted
flight tests to evaluate its accuracy and measures to increase
it, and for the first time in Europe;

— there has been performed flight research to finalize automatic
landing with satellite systems using a correcting station;

~- LII's investigation to substantiate the use of standard gaseous
fuels in aviation.

Of top priority for the aviation research institute are subjects of
developing advanced technologies, specialized technological
equipment and highly effective materials such as low-density
aluminum alloys, polymer composites and high-strength corrosion
resistant alloys, etc., which determine, in many respects, the scientific
and engineering level of aircraft.

An important component of civil aircraft flight safety provision is
their certification, that is establishment of their compliance with the
airworthiness requirements, which determines a transportation system
safety level depending upon an aircraft regarded as a link in this
system.

The first airworthiness requirements of civil aircraft in our
country have come into being in 1967. Since that time they have been
evolving. In 1974 there appeared NLGS-2 meeting the world standards
and they played a significant role in developing and certifying the
[1.-96, Yak-42 and An-28 airplanes, as well as the Tu-144 supersonic
transport. Subsequent activities to improve the Requirements ended in
preparing more advanced NLGS-3 made use of in developing and
certification the new-generation 1L-96-300, Tu-204 and IL-114 aircraft.
Similar trends have been observed with developments. For the last
period of time Russia has done much work to harmonize the national
and western requirements. Airworthiness requirements have been
developed for the large and light AP-25 and AP-23 aircraft, the AP-29
helicopter, AP-33 engine, etc., and these requirements are analogous
of western ones by their structure and similar to them by their
contents, though having certain differences due to our specific flight
practices. This is a big step forward since Russian civil aircraft
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certification by the new requirements makes them automatically
comply with the western regulations.

The level of civil aviation equipment airworthiness is greatly
influenced by its certification system. Established in 1973 Aviaregister
was not an independent competent body as it functioned under the
Civil Aviation Ministry. An Independent Aviaregister came to life in
1986 when it was made directly subordinate to the Council of
Ministers. After the USSR disintegration the Aviaregister has become a
part of the Interstate Aviation Committee of CIS and on the
instructions of the Russian government it has powers of a federal body
and this provides its independence.

The certification system of Russia is based on the full amount of
certification evaluations to be conducted at the general designer's
stage with participation as Aviaregister experts of certification centers
at the Minaviaprom and civil aviation research institutes, then come
check evaluations at the Aviaregister stage. Hence, the aircraft
industry makes a great contribution to aviation products certification
as it carries the main burden of performing all requirements
compliance evaluations.

Of significance for civil aircraft certification is a question of their
production certification. Aviaregister in collaboration with Aviation
Industry NIAT has elaborated a system and normative documentation
to the effect, and as a result, the Voronezh and Ulyanovsk mass
production plants have been given certificates for their productions by
now.

Of no less significance and new, at the same time, to us is a
problem of design bureaus certification in order to allow them to
create new types of air vehicles. While we do not have any doubts
concerning large design bureaus engaged in traditional civil aircraft
development, but as to a great number of design bureaus (about 50)
that have been set up recently and which deal with business aircraft it
is doubtful that they are capable of designing, manufacturing and
certifying a new air vehicle and providing support for its operation. So
Aviaregister together with the aircraft industry have worked out
requirements to such design bureaus, have set up a committee of
aircraft industry's and research institutes' representatives, which is to
consider the work of such design bureaus and issues conclusions as to
the possibility of their certification, several dozens of such design
bureaus have already been certificated.

Serious questions question are posed by environmental protection
against aircraft engine noise and emissions. The most grave problem is
that of engine noise.

At present all the civil aircraft and the civil aircraft and
helicopters now in operation in Russia (56 all in all, versions included)
have been certified for compliance with the noise requirements of
ICAO, Annex 16.
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Now certification tests are well under way of the Tu-204 and
IL-96 versions powered by foreign engines.

Thus, practically speaking, the whole aircraft fleet formally meets
the international community noise requirements.

Unfortunately, the aircraft forming the base of the CIS countries’
airlines (Tu-134, Tu-154, 1L-96TD and IL-86 are certified by ICAO,
Annex 16, Chapter 2, dealing with aircraft of old construction. ICAO
has recommended staged restrictions be introduced to these aircraft
flights starting in 1995 and a complete ban on them in 2002.

Now already the local authorities of many airport regions
enjoying the support of people have banned such aircraft flights.

Besides, the ICAO environment protection against aircraft, has
elaborated proposals on making community noise requirements to
subsonic jet airliners more strict (Chapter 3).

According to one of the variants they are supposed to be applied
to new aircraft starting in 1998. Drastic measures will have to be taken
to satisfy these more strict requirements.

A good example of how this task is solved is IL-76M
development — an IL-96 version with modern engines installed.

Aviation industry in Russia has vast experiment facilities in
research institutes and design bureaus for certification work to be
done at.

For example, while developing the Tu-204 there were built 70 test
benches. 20 of them being employed for carrying out certification
evaluation.

Experimental facilities for strength investigation play a very
important role in certification process. The aerodynamic complex of
TsAGI consisting of over 50 sets permits research to be done into
aircraft aerodynamic characteristics and those of aeroelasticity using
models and small life-size objects for a whole possible range of flight
speeds, from small subsonic ones to hypersonic, space flight speeds
included. Nearly 50 industry's laboratories and centers, engaged in
strength problems studies and to be found at a number of institutes,
design bureaus and at mass production plants, are conducting vast
investigations of static and endurance characteristics of constructions,
beginning with simple objects tests to determine the materials'
properties and finishing with certification tests of life-size structures
(including the vehicle as a whole). In addition all the loads at various
flight modes are reproduced, including the limiting ones, as well as
external factors (temperature and humidity) affecting the object's
strength characteristics.

The importance of engine development facilities should not be

underestimated. NITs CIAM is the only complex is a key component
of a system of developing new engines. It is next to impossible to
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create a competitive engine without conducting final development
work on the altitude and special stands of this complex. All the
engines designed in our country have been put to experimental tests
at the stands of NITs CIAM.

At present NITs CIAM disposes of power generating equipment
with total electric power of 500 MW, and has over 50 stands of various
applications.

NITs CIAM is compulsory participant in state tests of new
aviation products and certification tests.

The LII's facilities are of great significance for the aviation
industry.

The IL is a unique aviation center provided with all the necessary
means to conduct flight certification tests, these means including
flight navigation systems, micro-wave landing aids, equipment for
satellite technologies to be developed, outer trajectory measurement
systems and those of flight experiment management.

The LII possesses several dozens of flying testbeds allowing lead
development of new aircraft systems to be fulfilled, as well as a
portion of certification evaluations. The Institute also has a big
experimental complex to conduct certification evaluation of seats
dynamic characteristics, lightning strike resistance, influence of
external electromagnetic fields, etc.

In conclusion it must be pointed out, that under the difficult
conditions found in our country, the "Program”, which gained support
of the government as a fundamental long-term project, has become a
real instrument of the state's technical policy pursued in such a high-
technology and competitive area as aviation industry.
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CERTIFICATION OF THE CIVIL AERONAUTICAL
ENGINEERING. EXPERIENCE AND RESULTS OF
CERTIFICATION CONDUCTED IAC AVIATION REGISTER

V.V.Sushko
IAC Aviation Register, Moscow, Russia

1. LEGAL PRINCIPLES OF CERTIFICATION.

After the disintegration of the USSR, 12 independent states, for-
mer republics of the USSR concluded in December of 1991 the
Agreement on civil aviation and on use of air space (the Minsk
Agreement). These states were as follows:

Republic of Azerbaijan
Republic of Armenia
Republic of Byelorussia
Republic of Georgia
Republic of Kazakhstan
Republic of Kirgizia
Republic of Moldova
Republic of Tadzhikistan
Republic of Uzbekistan
Russian Federation (Russian Soviet Federative Socialist Republic at
that time)

Turkmenistan

Ukraine

Later on, Lithuania and Estonia joined the Minsk Agreement as

observers.

The Minsk Agreement specifies that the spheres of joint conduc-

ting and regulation as regards the Contracting States involve:

— elaboration of interstate normative acts and standards on
flight safety including airworthiness regulations of aircraft
and rules of their certification;

— aircraft certification.

The above agreement stipulates that for the Agreement's pur-
poses to be realized the Contracting States shall establish:

11
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— Council for Aviation and Use of Air Space consisting of rep-
resentatives of the Contracting States;
— Interstate Aviation Committee (IAC).

The Contracting states have admitted the IAC as a successor of
Gosavianadzor of the USSR as concerns the functions agreed upon by
these states. The states have confitmed their support of the functions
of the IAC in respective decrees of the President and/or acts of the
Government.

In the Russian Federation, this is formalized, in particular, by the
Decree of the President of May 5,1992 N 439 and by the Act of the
Government of April 23, 1994 N 367. Paragraph 1 of this act runs as
follows:

"To delegate to the IAC the power and responsibility of a Federal
executive quthority in the field of the formation of aircraft airworthi-
ness regulations and to entrust the JAC with the elaboration and
improvement of Aviation rules”.

According to the paragraph 2 of the Act, the IAC is entrusted
with certification of aircraft and their components, production
certification of aeronautical engineering with a subsequent issue of
respective certificates and equivalent documents. These powers of the
IAC are also confirmed at the international level on behalf of the
Russian Federation in the Memorandum of Understanding between
the Government of the Russian Federation and the Government of the
USA in the field of technical cooperation aimed at concluding a
bilateral agreement on airworthiness. The Memorandum is signed on
June 30, 1995 by V.5. Chernomyrdin, Chairman of the Government of
the Russian Federation and A. Gore, US Vice-President.

It should also be noted that the law "On certification of products
and services" was adopted on June 10, 1993 in the Russian Federation.
The system of certification developed by the IAC is in full conformity
to this law. The system is registered by the authorized Russian body
Russian Federation Committee of Standardization, Metrology and
Certification (Certificate of registration N POCCRU 0001/01AT 00 of
July 21, 1994).
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The IAC deals with aircraft certification in the interests and on
behalf of all Contracting states; each state is to admit the validity of
certificates issued by the committee. Aviaregister, one of the commis-
sions of the IAC, is responsible for functions of certification.

The system of Aviation Rules (ARs, in Russian - ) is an important
part of the legal field of certification. One of the functions of Aviation
register implies the organization of elaboration of ARs.

At the present time, a package of ARs has been already worked
out which forms the core of the system of ARs required to certify
aeronautical engineering, its production and maintenance of airwor-
thiness in service.

— AR-21 Certification procedures

— AR-23 Airworthiness reqgulations of normal, utility,
acrobatic and commuter category aircraft

— AR-25 Airworthiness regulations of transport category
aircraft

— AR -29 Airworthiness regulations of propeller-driven
transport category vehicles

— AR -31 Airworthiness regulations of air balloons

— AR-33 Airworthiness requlations of aircraft engines

— AR -35 Airworthiness reqgulations of propellers

— AR-36 Community noise standards

-— AR-39 Airworthiness directives

— AR-145 Repair stations

— AR-183 Aviaregister's representatives.

The AR listed below are at different stages of elaboration:
— AR-27 Airworthiness regulations of propeller-driven normal
category aircraft

— AR- Airworthiness regulations of super light aircraft
— AR- Airworthiness regulations of powered deltaplans
- AR-34 Engine exhaust emission requirements

— AR- Airworthiness regulations of auxiliary engines
— AR- Requirements for airship airworthiness.

The procedure of elaboration of Aviation rules implies their ap-
proval at the Council for aviation and use of air space and subsequent
putting into force by each Contracting state.

13
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Proceeding from certification results, the AR is o issue:
—- aircraft, aircraft engine and propeller type certificates;
— production certificates;

— product fitness certificates;

— noise certificate;

— experimental aircraft certificates.

2. MAIN RESULTS OF AERONAUTICAL ENGINEERING
CERTIFICATION

2.1, Aeronautical engineering certification

Over the period of 1992-95, more than 100 types and modifica-
tions of civil aeronautical engineering (aircraft, engines, auxiliary pro-
pulsion systems and propellers) were certified at different stages.

Based on the certification results, the AR of the IAC issued more
that 50 type certificates to manufacturers of aeronautical engineering.

The organization of certification and certification procedure of
advanced domestic civil aeronautical engineering is a priority activity
of the JAC AR. First of all, it concerns [1-96-300, Tu-204, An-124, Su-29
aircraft, Ka-32A, Mi-26TC, Mi-34C helicopters, PC-90A, D-36, D-136,
M-14 engines. Their certification has been completed with success and
respective certificates are issued for them.

At the present time, the activities are undertaken on certification
of modifications of these aircraft: [1-96M, I1-96T, Tu-204-100, 120, 200,
220, as well as on certification of a number of new projects: I1-114, II-
103, Tu-330, Tu-334, An-38, Be-200 aircraft, Mi-171, Mi-172 helicopters
etc.

Permanent support of certified aircraft in service in order to

maintain their airworthiness and further extension of possible applica-
tions is a very important and labour-intensive activity line of the AR.

14
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Within this activity line, major changes in aircraft design and
Service documents are being certified with a subsequent issue of re-
spective supplements to type certificates. In total, the AR has issued
about 70 of such supplements.

Typical major changes being implemented in numerous certified
aircraft during their service are as follows:

— increased positive and negative temperature range;

— increased take-off and landing weight;

— increased flight altitude and range;

— installation of novel navigation equipment;

— increased specified service life;

— reduced meteoc minimum;

— conversion of passenger version into cargo one and vice

verse;
— increased passenger capacity.

Since the time of putting [1-86 aircraft into service, 27 major
changes have been implemented, the scope of certification tests
required for them comparable with that of initial certification.
Respectively, 27 Supplements to the type certificate are issued for the
aircraft. Similar situation takes place for Yak-42 aircraft: 22 Supple-
ments to the type certificate are issued. During 2 years of the 11-96-300
aircraft operation, 5 major changes have already been implemented
(increased passenger capacity, novel inertial system, increased take-off
mass etc.). Five supplements to the certificate are awarded for PS-90A
engine. Major changes are also being introduced into other aircraft
and their engines. As a result, the aircraft characteristics become
improved, the possibilities of their applications rise and the cost-effec-
tiveness and competitiveness enhance with obligatory compliance with
effective airworthiness regulations. In some cases, it is followed by
improved flight safety, for example, it concerns the certification of
11-96-300 and I1-86 aircraft equipped with up-to-date collision warning
system TCAS-II which makes it possible to continue scheduled flights
of the aircraft in the air space over the USA.

In the last few years, the scope of aircraft noise certification has
increased considerably. Based on the results obtained, noise certifi-
cates are issued essentially for all aircraft having the type certificate
and for a number of aircraft awarded previously by airworthiness cer-
tificates (11-86, I1-96-300, Tu-204, An-124, An-74, An-32P, Su-29,
Ka-32A, Mi-172, Mi-34C, I1-18, An-24, An-12, Yak-40 etc.), as well as
for some foreign aircraft types. In total, about 30 noise certificates are
issued.

yie)
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Up to 1995, the aircraft were certified in noise in conformity with
the ICAO requirements (Supplement 16). In March of 1995, the
Council for aviation and use of air space approved Aviation rules -36
which are harmonized with the requirements of both ICAO and
FAR-36. The first certificate on the compliance with -36 is issued for

An-32P aircraft.

In the interests of airlines of member-countries of the Minsk
agreement, some types of foreign aircraft (Boeing-737, 747, 757 767,
A-320, BAe-125 etc.) are also certified.

2.2. AEFERONAUTICAL ENGINEERING PRODUCTION
CERTIFICATION.

This work was started in 1992 after Production Certification Rules
-21 (subparts F and G) had been worked out and put into practice.
Then IAC AR issued directive letters and standard program on pro-
duction certification, which are the basis of programmes elaboration
and concrete aircraft types production certification.

According to the results of the work, performed by IAC AR, pro-
duction approving certificates are given to 11 types of aeronautical
engineering, including:

— [1-86 and I1-96-300 airplanes (Voronezh city);

— An-124-100 and Tu-204 airplanes for "Aviastar” stock com-

pany (Ulyanovsk city);

— D-36, D-136, TVZ-117 engines for "Motor Sitch" (Zaporozhye

city).

At present time AR specialists perform certificative works at
machine-building plant (Lukhovitsi town), "Permskie Motori" stock
company and "Vpered" plant. Irkutsk and Novosibirsk Aviation Indus-
try Unions, Kazan and Ulan-Ude helicopter plants, instrument-making
plant in Ramenskoye town and Pratt & Whitney/Klimov enterprise
(St.-Petersburg) are on the preparation stage for certification.

16
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Jointly with Department of Air Transport (DAT) RF preparation
for civil aeronautical engineering overhaul establishments certification
has been started.

Essential attention was paid to further development of normative

and methodic documentation on production certification, in particular:

-— Requirements to quality check systems and aviation industry
establishments' reports and accounts.

Editorial changes have been inserted into subparts F and G of
"Production certification” of ARs -21 and methods of produc-
tions estimation.

— Projects of subparts O, K and L ("Aircraft spare parts produc-
tion approval" and "Airworthiness export certificates issuing”)
of ARs -21 have been worked out.

— Requirements to major producers's work with import equip-
ment suppliers have been formed.

— Appropriate documents on activities organization of AR
Regional representations have been prepared.

— Regulations on AR and Independent Inspection cooperation
at industry establishments have been submitted.

3. INTERNATIONAL ASPECTS OF CERTIFICATION.

Three systems of aeronautical engineering certification have been
formed in aviation practice:

— The USA (FAA)

— West-European

— former USSR and CMEA countries.

Interests of world aviation market's development conditioned
objective tendency to the integration of these three schemes, this ten-
dency has greatly heighten for last period. The intensity of contacts
has increased between USA Federal Aviation Administration (FAA)
and Joint Aviation Administration of Western Europe countries (JAA),
directed to full harmonize of systems and requirements of ARs, FAR
and JAR and performance of joint certification.

17
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The problem of mutual acknowledgement of certification systems
of the USA and the USSR was officially raised at the intergovernmen-
tal level in 1990. Then practical works were started in the trend of
obtaining of bilateral agreement on airworthiness. First, this work was
headed by Gosavianadzor of the USSR, and since 1992 - by IAC.

The content of the work is mutual study of certification systems
on these main trends: laws, sets of aviation rules, competent bodies,
supervision of concrete products certification ("shadow" certification).
Such products are [1-96T and 11-103 airplanes of Ilyushin plant.

More than 50 meetings were conducted on the level of admini-
strations, managers and technical specialists, where a lot of problems,
concerning laws, norms agreement, additional requirements to the
subjects of "shadow" certification, were discussed.

The work on mutual estimation of aeronautical engineering cer-
tification systems is close to completion. Preliminary results allow to
make conclusion about mutual principal acceptability of these sys-
tems,

As a result of already performed works qualitatively new level of
mutual understanding is obtained for today. It can be said that the
longest and the most difficult part of the way to obtaining the agree-
ment on airworthiness has been covered.

Great significance of this work for both sides and the necessity of
its completion acceleration were emphasized in the interstate memo-
randum, signed on 30 June 1995 by V.S. Chernomyrdin and A.Gore,
which was mentioned in the first part of this report.

Simultaneously with this contacts with Joint Aviation Administra-
tion (JAA) were conducted. As a result of conducting several meetings
has been worked out the Manual for JAA specialists in certification of
aircraft, produced in CIS countries; the Manual comes to an agree-
ment with IAC AR. Thus conditions for starting practical certification
of home aeronautical engineering in Europe were prepared.

The development of Russian aviation industry establishments’

links with western partners demanded.:

— Preparation of Working Agreements on production of aero-
nautical engineering, supplied to CIS countries, with Aviation
authorities of some countries. A sort of Agreement was signed
by Canada Transport Ministry on supervision of spare parts
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for 6A-65, engine production at Pratt & Whitney (Canada)
company. Similar Agreements are being prepared with
Aviation authorities of Germany, England, France.

Within the framework of measures on conclusion of bilateral
agreement between Russia and the USA, joint FAA/AR audits of avia-
tion productions were performed in the USA (General Electric, Goli-
stream) and in Russia ("Aviastar" stock company), and also seminar of
specialists in production certification.

For last several years IAC AR also took part in all important fora
(forums) and meetings of Aviation authorities, industries and air carri-
ers, devoted to the working out of politics on reapproachement and
integration of requirements of airworthiness national norms. Con-
ducted discussions and exchange of opinions, confirmed the correct-
ness of chosen strategy of creation of the ARs system, agreed with
acting worldwide rules systems.

At present time IAC AR undertakes efforts to increase leading
home specialists’ participation in the work of international meetings,
devoted to agreement of airworthiness requirements in specialized
fields, i.e. avionics, strength, materials etc. The purpose of these efforts
is working out unified requirements for the RF, taking into considera-
tion our positive experience in norming airworthiness.

19




PLENARY SESSION

AIRWORTHINESS CONTINUATION OF AVAILABLE
AIRCRAFT FLEET

V.V.Gorlov

Air Transport Department of the Transport Ministry, Moscow, Russia

Air transport is a part of the common transport system of Russia.
It solves problems of passenger, mail, goods transportation and also
other problems of national economy. At present air transport of RF
numbers about 8100 aircraft.

These aircraft are operated by 421 independent aviation estab-
lishments and companies. 201 of them were created on the basis of the
former state detachments, 14 were created on the basis of the former
Aviation Industry Ministry establishments and 178 ones are new.

The main part of aircraft, operated now, were produced in
1960/70s. They have practically exhausted their specified service life.
Only several specimens of the new generation airplanes, i.e. 11-96-300,
Tu-204, An-124-100, are being operated now.

More advanced aircraft, i.e. Tu-334, Tu-334-200, An-38, Yak-242
airplanes, Ka-226 and Mi-38 helicopters, are being tested or are still
being designed.

Most aviation enterprises and companies can not buy the new
generation aircraft because of their high prices. Due to this fact they
have to carry out large-scale and labour-consuming work to continue
available aircraft fleet airworthiness state. In this case meet serious
troubles, associated with purchasing appliances, fuel, oil, etc. whole
and aviation enterprises taken separately. For example total produc-
tivity of all types of aircraft has decreased; average year flying time of
all aircraft has also decreased. Effectiveness of jet fuel using has wors-
ened for 6.2%; the portion of aircraft standing idle has increased.

The main reasons for aircraft's demurrage are the following:

— absence of spare parts; due to this reason mainly Mi-2 and
L -410, produced abroad, stand idle;

— absence of engines; due to this reason mainly An-28 (25.8%),
IL-62 (12.2%), IL-76T (11.5%) and IL-86 (18.4%) airplanes stand
idle;

— insolvency of aviation establishments, whose aircraft are at
overhaul plants;

The main part of aircraft, as aforenamed, have almost exhausted
their specified service life. Due to this fact 48% main airline airplanes,
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59% local-service and domestic airlines airplanes, 63% transport
airplanes will have been written off by 2001.

All aforenamed makes Department of Air Transport (DAT) solve
the problem of maintenance of proper airworthiness level of aircraft
fleet in the shortest time.

It is considered that airworthiness continuation of an aircraft is a
complex of measures, due to which the aircraft fits the corresponding
requirements of airworthiness at any moment of its time of work;
technical condition of such aircraft ensures its safe operation.

This complex of measures is a complicated system, which, first,
includes the program of airplanes maintenance. All standard types of
works on aircraft and dates of the works' fulfilment are listed in the
program. Special program is worked out for each aircraft. All pro-
grams must be worked out on the basis of regulation documents,
similar for all aviation enterprises. All aviation enterprises, operating
aircraft, must fulfil the requirements, stated in these documents. When
these programs are worked out, they are examined by authorized state
department and are to be approved by it.

At present time all maintenance works are regulated by "Civil
Aviation Aircraft Engineering Operation and Overhaul Direction”,
published in 1993 (in Russian: HTOPAT I'A-93).

Second, the system must contain a list of enterprises, which have
an appropriate licenses to perform works on maintenance, given by an
authorized state body.

Such licenses were given by Civil Aviation Ministry in the USSR,
(CAM; in Russian: MI'A). Before the license had been given,
authorized bodies of Ministry organized and performed the
preparation of the organization, which wanted to get the license. Then
CAM regional organizations checked the preparation and servicing
quality on every maintenance type at the initial stage of the
organization activities. Only after successful completion of all these
measures the organization could get appropriate certificate on aircraft
maintenance.

At present time, as most aviation enterprises are not controlled
by the State, the above described system practically doesn't work. In
1991 we started the work on performing certification of air carrier
enterprises and aircraft maintenance and overhaul enterprises. We also
take into consideration international experience, which aviation
enterprise establishments and airlines have got in this field.

Main stages of this work are:

— 1992/93 — working out main normative and methodical
documents, containing certification requirements to enter-
prises, performing aircraft maintenance and overhaul to per-
sonnel working at these establishments and quality checking
system organization of aircraft maintenance at these enter-
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prises. During the same period "Certification Manual" and
"Certification Methods" were worked out.

— The beginning of 1994 — aircraft certification organization
structure of aircraft maintenance was established.

— The end of 1994 — practical certification was started.

RF Government instructed DAT of RF Transport Ministry to cer-
tify Civil Aviation. Concrete work on certification of aircraft mainte-
nance and overhaul is performed by Engineering Operation and
Overhaul Brunch of DAT.

The purposes of RF Civil Aviation certification are the following:

a. The subject of certification must confirm, that it observes the
requirements on securing flight safety, determined for it by
the state bodies; it must also confirm its right to posses "The
Correspondence Certificate”, which is given by an authorized
state body.

b. State bodies perform supervision and regulation of organiza-
tions and specialists, providing aircraft maintenance and
overhaul. This purpose is very important because at present
time a lot of new organizations, operating aircrafts, appear.

c. Rise of the role and responsibility of organizations and spe-
cialists, providing aircraft maintenance and overhaul, in the
field of securing flight safety and continuation aircraft wor-
thiness.

d. Agreement of norms and rules, which are in force in RF Civil
Aviation, with appropriate international documents.

Air transport is a type of transport, which must be better adopted
to constantly developing engineering rather than other types. This
development must be taken into consideration when preparing
personnel, which performs aircraft maintenance.

Every aviation enterprise must have a program of personnel
developing, which serves aeronautical engineering. It implies
theoretical teaching, work on probation at a work place and an
examination. Then head of the enterprise (plant, factory etc.) issues an
order, in accordance with which the employees, who have passed the
examination, get a personal document, confirming their right to
perform aircraft maintenance at this enterprise. This program is still in
force in RF aircraft industry.

New system of certification replaces the program, described
above, which is typical for every enterprise, with a new one, identical
for all RF enterprises and organizations, which perform aircraft main-
tenance and overhaul. In accordance with it, such organizations will
get state powers after they are certified.

DAT has worked out the following documents, defining the certi-
fication procedure of such organizations:

— certification requirements for engineering staff;

— personnel certification manual;
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-— certification requirements for quality checking system;

— quality checking systems manual;

— certification requirements for organizations, which perform
aircraft maintenance and overhaul.

— organizations certification manual, performing aircraft main-
tenance and overhaul;

This documents are in agreement with the same FAA's docu-
ments in general.

Certification elements are listed below:
1. Object of certification

1.1. Aircraft maintenance and overhaul organizations
1.2. Aircraft maintenance and overhaul linear stations
1.3. Maintenance quality checking systems
1.4. Staff

2. Concrete spheres of activities of maintenance and overhaul
organizations, which must be certified.
2.1. Aircraft routine (linear) maintenance
2.2. Aircraft periodical, labour-intensive and special mainte-

nance; complex maintenance and overhaul.

3. The fields of activities of maintenance and overhaul organi-
zations, which must be periodically inspected.
3.1. Production management and organization of production
3.2. Maintenance information provision
3.3. Skilled manpower hiring
3.4. Production base of organizations
3.5. Maintenance and overhaul process (general, special, avi-

onics etc.)

3.6. Quality checking systems
3.7. Technical resources and reserves of organizations
3.8. Organizations financial provision

Successful work of air transport in many respects depends on the
work of aircraft maintenance and overhaul system.

Flight operating safety, reqularity of operations and aircraft reli-
ability directly depend on qualitative work of this system. Besides,
well-working maintenance system allows to improve upon use of aero-
nautical engineering. The qualitative work of the system, in its turn,
depends on following internal parameters of the system: level of pro-
duction organization; engineering level of production; concentration
and specialization of production etc.

At present time aircraft maintenance system consists of two self-
dependent sub-systems which are loosely held to each other. They are:
sub-system of Aircraft Maintenance Bases (AMB) and sub-system of
Aircraft Repair Plants (ARP).

As a rule, AMBs are incorporated into plant engineering and
maintenance service of air carrier enterprises. The AMBs perform
maintenance of the enterprises’ own aircraft fleet, transit aircraft and
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aircraft, which are at served by the enterprises at present time. The
role of AMBs in provision of high level aircraft reliability and service-
ability is very important and also in securing maximum effectivity of
airplanes and helicopters operation. The performance of aircraft
directly depends on annual hour's flying time; in its turn, the less
repair time of aircraft, the more flying time.

Unfortunately, afore mentioned internal parameters are, as a rule,
on poor level. The maintenance organization's engineering resource
and reserve base must be developed and improved for the parameters
to correspond to demands of successful operation of new generation
aircraft.

The most important factors, that allow to develop maintenance
and overhaul bases, are the following:

— consistent and steadfast integration of aircraft maintenance
and overhaul;

— production concentration;

— making up of large-scale centers of maintenance and over-
haul, both branch and regional;

- effective exploitation of existing working areas;

Such development of material-engineering resources in the first
place must be oriented to new generation airplanes maintenance, i.e.
11-96, Tu-204, Tu-334, IL-114.

It should be mentioned, that organizational and structural
changes in the of RF Civil Aviation, being carried out at present time,
are bound up with the increase of enterprises types, which perform
aircraft maintenance and overhaul. All changes are carried out on the
basis of complex programs of aircraft maintenance and overhaul
system development, which we have worked out.

At present time the development of engineering resources and
reserve base of aircraft maintenance and overhaul is carried out
mainly by means of building large enterprises. These enterprises,
called Aviation-Engineering Bases (AEB), will be supplied with
modern equipment and will have large size hangars. In future, such
AEBs will form the basis of branch and regional aircraft maintenance
and overhaul centers, which will have the independent organization
status. Thus, after the development period completion, four types of
organizations, performing aijrcraft maintenance and overhaul, will be
created:

—  Already existing, standard AEBs, which are not independent

juridical and/or financial persons;

— New type Aviation-Technical Bases, which are independent

juridical and/or financial persons;

— Aircraft maintenance and overhaul centers, working as mem-

bers of integrated system of aircraft maintenance; aircraft
general overhaul isn't performed at these centers;
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— Cooperative, lease and stock companies, specializing in per-
forming separate types of works on aircraft maintenance.

It should be taken into consideration, that establishments of one
type can be called, depending on the situation, either "Aviation-Engi-
neering Base" or "Aircraft Maintenance and Overhaul Organization".

To continue aircraft worthiness at high level, it is necessary to
perform periodical validity period prolongation of "Airworthiness cer-
tificate". This requires observing the following requirements:

— concrete aircraft design must meet the requirements of this

type aircraft design;

— technical documentation of every concrete aircraft must cor-

respond to physical design and really maintained equipment;

— all changes of equipment components and/or aircraft design

must be done in time; all tests and inspections must be done
in time; appropriate notes must be made in log book;

— equipment and systems operating time registration must be

carried out correctly; equipment, which has exhausted its
specified life, must be replaced in time.

Besides, it is necessary to gather information about faults, failures
and other defects of aviation engineering, analyze it and save in data-
bases. These databases must be certified too. As one of the bases of
securing flight safety is integrity of aircraft framework, measures on
framework troubleshooting are of great importance. Among these
measures, first, introduction of nondestructive inspection procedures
of aviation engineering condition must be named.

At present time the number of such procedures in the system of
aircraft maintenance and overhaul is insufficient for proper securing
flight safety. The number of such procedures must be increased, and
their use must be made more effective.

In conclusion, it should be said, that we have worked out theo-
retical and methodical bases of aircraft resources and service life pro-
longation, to be able to solve the problems of continuation of aircraft
worthiness at high level. Mathematical models of operating and engi-
neering characteristics of aircraft flight and navigation systems and
complexes and engineer methods of aircraft resources increase have
also been worked out. The use of these methods allows to start such
kind of operation of great amount of different types of aircraft, that it
allows to shorten their demurrage, entailed with performance of main-
tenance and/or overhaul.
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TSAGI WORK ON CERTIFICATION OF CIVIL AVIATION
ENGINEERING

V.Ya.Neiland, Yu.A.Stouchalkin
TsAGI, Zhukovsky. Russia

In the first years after the foundation TSAGI began to deal with
all problems of aviation science and engineering from basic research
to design and building of their own aircraft.

Later a number of research institutes (NIAT, VIAM, CIAM, LII in
1940) as well as a number of design bureaus, for example, the Tupolev
Design Bureau which is familiar to the whole world, were formed
mainly on the basis of TsSAGI. This has resulted in narrowing the
scope of the problems on which TsAGI continues working in the field
of aircraft technology and at present the range of work is still rather
large, namely:

— aero - and hydrodynamics,

— strength, service life and aeroelasticity,

— aerothermodynamics and gas dynamics,

— aeroacoustics,

— advanced aircraft

— unique experimental facilities.

Thus, a list of civil research aircraft objects, namely: airplanes
(hydroplanes) and helicopters as a whole and specific assemblies, for
example, such as control systems, aircraft propellers and helicopter ro-
tors, air inlets and exhaust assemblies of power plants and at last
structure components (load carrying elements, thermal protection and
sound absorption and so on) was determined.

At the same time the directions of work were also determined:
-— basic research,

-— advanced research,

— Tresearch in specific aircraft types

-— certification.

Before we get down to description of certification work per-
formed by TsAGI it should be noted that as far back as 1924 a decree
under which no one aircraft for the first time could fly without a cor-
responding permission of TsAGI, was issued. In essence, this meant
the beginning of TsAGI's work on certification of aeronautical
engineering and at present this work is being proceeded.

Sometimes people think that certification is a final stage of the
aircraft development. Indeed, the type certificate is given when the
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whole investigation cycle is accomplished. However, work on certifi-
cation is performed at all stages of the aircraft development beginning
with the initial concept and some final results can be obtained or to
say more properly they must have been already obtained at the
earliest stages. For example, it is impossible to carry out design work
on the aircraft strength without establishing the values of the design

velocities V,, and V;; in accordance with requirements of the Aviation
Rules. It should be also noted that the methodology adopted in Russia
for providing the structure service life allows for establishing the
prescribed service life stage-by-stage (in parts: 20 — 25% of design
value). That is why, by the moment when the f{irst airplanes
(helicopters) approach to the established service life an additional
work cycle including analysis of the operation experience (real
operation conditions, detected defects) and additional calculation and
experimental study, has been performed and on their basis the
conditions for providing the operation safety with respect to the
service life for the next stage are specified more exactly. This
procedure is repeated many times (as a rule, over the designed service
life) until further increase in service life is economically reasonable or
safe. Every extension of service life is considered as a main change in
operation conditions and allows for granting a supplement to the
Certificate of the type. Thus, the certification procedure covers all
stages of the aircraft development and tests and as to structural
problems it extends to the mass operation stage.

The investigation methods used at TsAGI for conducting the cer-
tification work involve:

— calculations,

— testing models,

— testing structural materials,

— testing structure elements and parts,

— testing full-scale assemblies and aircraft as a whole.

As seen from the above-mentioned, tests are one of the main
components of certification work, they complement and make specific
a calculational study. That is why, TsAGI always paid a great attention
to development of their test facilities, many of them are unique. At
present there are 7 test centers at TsAGI (including branch), such as:

— Aerodynamics,

— Aerothermodynamics,

— Dynamics,

— Strength,

— Aeroacoustics,

— Hydrodynamics,

— Metrology.

At this conference the chairman of the Aviation Register of the
Interstate Aviation Committee Mr. V.V.Sushko on behalf of the
Register and the State Standard Commitiee of the Russian Federation
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officially presented the accreditation Certificates to the first six test
centers ( Metrology Test Center will receive the Certificate somewhat
later). So, it would be reasonable to dwell on description of these
centers, their brief features are presented in tables (fig. 1—7).

While considering these tables one should pay attention to the
following: the tables (fig. 1 and 2) show that the TsAGI test facilities
allow us to perform aerodynamic model investigations (and some wind
tunnels provide full-scale tests of small aircraft and their specific
assemblies) throughout all flight speeds which will be operational for
modern and future aircraft of all types and purposes. And the interest-
ing thing is that the test centers include only those aerodynamic
facilities where so called industrial tests are performed and their
results may be used for certification of the specific aircraft types but
such centers have no facilities designed for scientific and research
purposes (30 facilities).

The center of Dynamics (fig. 3) is designed in the first turn for
forming ideology and developing structure, parameters and specific
elements of modern automatic aircraft control systems. Naturally, the
knowledge of the nonstationary aerodynamic aircraft characteristics is
one of the basic components of such work.

The center of Strength (fig. 4) provides performing the whole
complex of experimental work, beginning with the material certifica-
tion and model tests and completing with the structural certtification
tests of full-scale structures with regard to environmental, acoustic and
other effects. Along with determination of static and fatigue characte-
ristics of structure investigations of dynamic aircraft characteristics are
performed taking into account the influence of automatic flight
control systems.

The center of Aeroacoustics (fig. 5) performs a cycle of work on
investigation and suppression of noise produced in flight both for the
purpose of meeting the strict ICAO certification community noise re-
quirements and providing the passenger comfort in the passenger
compartment.

The center of Hydrodynamics (fig. 6) provides investigation of
loading conditions and stability and controllability characteristics of
hydroplanes and amphibious aeroplanes when flying over the sea sur-
face and also performs certification tests of aircraft and their models
during emergency water landing.

At last, the center of Metrology (fig. 7) provides the unity and
accuracy of measurements performed in the above-mentioned TsAGI
test centers by means of the periodical metrological certification of all
test benches possessing for this purpose a necessary set of primary
standards and reference devices.

Naturally, all certification work of the test centers is done by
TsAGI scientists and engineers. Furthermore, this work is carried out
under the leadership or control of the auditing experts appointed by
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the Aviation Register in accordance with the AP-183 requirement. The
same specialists make up not only reports on calculation and experi-
ment results and also methods of performing this work, Regulations
and Instructions on organization and order of their performance and
also proposals of drafts {(or amendments) of the Aviation Rules chap-
ters which are within the TsAGI competence (AP -23, AP-25, AP-27,
AP-29, AP-33) and methods of correspondence to these rules. Along
with these documents a set of conclusions on aerchydrodynamics,
dynamics, strength and aeroacoustics, summarizing the results of work
at some aircraft development stages: at the stage of the preliminary
design, before flight tests, at the stage of the state and operational
tests, is prepared. As to the main certification documents, namely: a
conclusion on meeting the strength requirements with respect to the
aircraft (and a number of its assemblies} in accordance with the
Aviation rules (for preparing the certificate of the type) and
conclusions concerning the maintenance of airworthiness during
operation when increasing the service life step-by-step, these
documents are granted by the "TsAGI-TEST" Certification center
formed by the Aviation Register in accordance with the AP-21 Aviation
rules. The same center performs coordination of the certification bases
of the civil aircraft.

Finishing this presentation it should be noted that the absence of
the severe accidents with the domestic civil aircraft because of the
structural failure for more than 20 years testifies to the high quality of
the TsAGI work on the certification investigations of the domestic civil
aircraft and in particular with respect to the strength conditions where
TsAGI is a main expert of the Aviation Register for all these years.

We hope we shall be able to keep this safety level for the next
years in spite of division of the common Aeroflot into a large number
of middle and small airlines and following from this a natural reduc-
tion in the level of the aircraft maintenance.
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"Aerodynamics” Test Center performs tests of:

Full-scale aircraft and their large-scale models.

Aircraft models in the take-off/landing regimes and at the fow flight
speeds.

Models of aircraft and their elements at sub- trans- and supersonic
speeds.

Aircraft models for spin.

Engine intakes/nozzles.

Propeliers and rotors.

Conveyance models, buildings and facilities.

The test center has 20 wind tunnels.
Performs tests at Mach nurmbers from 0.1 to 4.
Dimensions of objects tested are from 0.4 to 16 m.

Figure 1.

"Aerothermodynamics” Test Center performs:

Aerodynamic/thermal tests of models at hypersonic speeds:

Mach numbers M = 4—20.5, T, .. = 2600 K.
Aerodynamic/thermal tests of models and structure components in
upper atmosphere flight conditions

Vi =8 km/s, T, .. = 6000 K.
Determination of ionospheric aerodynamic and plasmadynamic
characteristics of aircraft

V... = 10 km/s.
Tests of jet — hypersonic aircraft components interference
M, =20 T _=2000K.

max max

The test center has 7 wind tunnels ana facilities.

Figure 2.
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"Dynamics” Test Center performs:

Halfscale simulation of the aircraft flight on piloted

simulators with the pilot participation in the control loop.
Determination of dynamic characteristics of control systems
and their components on simulators.

Determination of unsteady aerodynamic characteristics of
aircraft and their component models at sub/supersonic speeds
in TsAGI's wind tunnels.

The test center has 4 piloted sirnulators and a simulator complex for
testing hydraulic actuators and control systems.

Figure 3.

"Strength” Test Center performs:

Structural integrity/endurance tests of specimens, structure
components and full-scale units, including the tests with the

simulation of acoustic, thermal and climatic actions.

Static strength, endurance and survivability tests of full-scale

aircraft as a whole.

Determination of dynamic characteristics of aircraft and control systems
on models and full-scale objects.

The test center has:

— a complex of testing rachines,

— anumber of facilities for testing structure components and units,
iNciuding the faciities for sirmulation of acoustic, thermal and climatic
actions,

—  halis for structural tests of fulkscale objects,

— mobhile laboratories for dynamic tests.

Figure 4.
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“Aeroacoustics” Test Center performs:

Noise measurement on terrain and in passenger airplane and helicopter
compartments.

Airplane structures sound insulation/absorption effectiveness determination.
Calibrations and certification of acoustic measuring equipment for
aeroacoustic tests of models and full-scale objects.

Determination of aeroacoustic characteristics of air blowers.

The test center has.

-— anechoic/reverberation chambers with air Tow;

—  spedial-purpose instrumentation complexes,

-— fadlities for determination of sound insulation/absorpuon,
—  characteristics;

—  Ccalibration stands;

—  stands for aerodynarmic tests of air blowers.

Figure 5.

"Hydrodynamiés" Test Center performs:

Testing the amphibious airplane, ground-effect airplane and high-speed ship
models on the still water and under disturbance conditions.

Testing vehicles and their models at emergency landing on water, models of
high-speed underwater vehicles and vehicles crossing the water surface.
Full-scale hydrodynamic/flight tests of hydroplanes up to 10 tons take-off
weight.

Testing ground-effect airplanes and their models.

The test center has:

a test tank with systerns of recording/ processing equipiment;

a water hase at Moscow Sea for performing tests under full-scale wind -wave
conditons,

a seadrome,

a number of specialized stands providing the simulaton of hydrodynamic
processes at speeds of rhovmg up to 200 m/s

Figure 6.
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“Metrology"” Test Center

provides traceability and accuracy of measurements by metrological

certification of test centers’ simulators:

Aerodynamics

Aerothermodynamics

Dynamics

Strength
Hydrodynamics
Aeroacoustics

The test center has a base of a system of standards and reference
means for measurning:

Mass
Force
Pressure
Strain

Figure 7.

Termnperature
Linear-angular quantities
Optical quantities

Air fiow velocity
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LII EXPERIMENTAL FACILITIES
FOR TESTING AND CERTIFICATION

L.M.Berestov, V.L.Vid, V.S.Lunyakov, V.T.Dedesh
LI, Zhukovsky, Russia

The Flight Research Institute (LlI) experimental base for testing
and certification of aircraft and its systems is formed in accordance
with the Institute is tasks, which are formulated in fig. 1.

In the first place, it is a test center, which is the best complex of
unique test airdrome in Europe, equipped with all required experi-
mental base for aircraft testing: system of trajectory and radio
telemetry measurements, complex of all modern radio engineering and
satellite navigation and landing means, flight experiment control and
automated data processing systems, special flying testbeds for certifi-
cation of prototypes and airdrome facilities.

Secondly, it is the experimental base (flying testbeds and
benches) for development of prototype components on the subject,
presented in fig. 1.

Thirdly, it is flying testbeds and benches to carry out fundamen-
tal researches.

The effectiveness of combined approach, which was worked out
by LII, for experimental base using in case of development and flight
testing of prototypes is the most clearly revealed on the example of
the Tu-204 and IL-96-300 airplane development (fig. 2).

In this case this base was used:

— to support flight testing of these airplanes;

— for advanced system development on flying testbeds;

— to carry out a number of tests on certification assessments by
LIT specialists with using of the LII base.

The characteristic example of flying testbeds using in works
which are carried out on the Tu-154 flying testbed in the interest of
Tu-204 certification.

The Tu-204 airplane is the first civil aviation airplane with the
mini-control wheel, so-called integral digital control low (which pro-
vides an automatic limitation of flight parameters and a number of
other principal features of airplane controllability) as well as a glass
cockpit.

In this conditions the flying testbed had become the effective tool
which allowed to simulate dynamics. Controls and display system of a
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designed airplane in advance, tc provide its qualitative and quantita-
tive assessment in real flight conditions within certification require-
ments, and in a case of necessity to carry out an optimization of
airplane and its systems characteristics.

This enabled to reduce a number of modifications during the Tu-
204 airplane certification. The diagram of flying simulation complex
on the base of Tu-154M airplane and its cabin interior is shown in
fig. 3,4.

The glass cockpit and experimental control stick are shown on
fig. 4.

Fragments of similar researches were carried out in the interest of
[1-96 and An-70 airplanes.

Specialized flying testbeds of LIl provide advanced flight tests of
new engines and power plants which are an integral part of a new
engine and new aircraft development. Especially, the significance of
flight test on flying testbeds was increased for by-pass turbojet
engines and prop-fan engines with high air flows, altitude test rigs of
which are absent, and for power plants of maneuverable airplanes,
power plants and engine characteristics of which greatly depend on
design features of an aircraft.

At present time LII has flying testbeds on the base of IL-76(4),
Tu-22, An-12, Tu-16(2), Tu-134 airplanes and MilL-17 helicopters,
which are designed for flight researches of any dimension engines,
auxiliary power units.

The characteristic example of flight test structure and volume on
flying testbeds is advanced and accompanying flight tests of D-18T
engine on IL-76 flying testbed (fig. 5), which were carried out without
tests of this engine on the altitude test bench (see fig. 6).

A complex of works was carried cut on the flying testbed to sup-
port the maiden flight and the first phase of flight tests of the
RUSLAN prototype, as well as flight tests were carried out completely:
to define basic data (100%), flight endurance tests (100%), strain
gauging (100%). automatic compressor comntrcl system (80%), gas-
dynamic flow stability (80%), starting (80%), oil system (60%).

Now flight tests of the D-27 propane engine on the flying testbed
[L-76 are being carried out, which is intended to be installed on An-70
airplane.

To test an auxiliary power unit (APU) in the airplane configura-
tion it is also used universal flying testbed on the basis of the An-12
airplane, which allows to carry out flight tests of auxiliary gas-turbine
engines and their systems flight tests with almost full simulation of
limit environmental conditions.
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The most full using of flying testbeds in case of power plant
certification can be illustrated on the example of PC-90A engine flight
tests.

To support the certification of PC-90A engine which is a part of
IL-96-300 ant Tu-204 airplane power plant, 105 flights were performed,
including 61 flights to prove compliance with requirements of NLGS-3,
§ 6.5.6, chapter 6 "before installation in airplane” and 44 flights for
NLGS-3 § 6.6, chapter 6.

As flight test type programs of power plants on flying testbeds
have been perfected for all turbine engine modes of operations in
expected operating conditions, in our opinion, using of flying testbeds
during turbine engine certification allows to transfer 40% of the work
volume in accordance with flight test type program from the basic
airplane to flying testbed.

For development and certification of flight and navigation

equipment the following flying testbeds were used:

a) I1-62 flying testbed for development and certification of the
basic navigation complex (BNK-2P) and inertial navigation
system [-11 in the interest of the IL-86 prototype;

b) An-26 flying testbed for development and certification of
BNK-11 in the interest of Yak-42 and An-74 airplanes;

c) Tu-154 flying testbed for development and certification of
ground proximity warning system for IL-86, Yak-42, An-74
airplanes, development of the windshear detection system
algorithm, fuel management system, take-off monitoring in
interest of navigation and control complexes for I1.-96-300
and Tu-204 airplanes;

d) Tu-104 flying testbed for development and certification of
navigation complex in subsonic area in the interest of the Tu-
144 prototype;

e} Tu-144 flying testbed for development and certification of
flight instrument complex for Tu-144 airplane and for reduc-
tion of its weather minima up to ICAO Cat. II. and a number
of other flying testbeds, which are used to this extent or
otherwise in the interest of the flight and navigation
equipment system development of certified airplanes. A
hundred of flights performed on these flying testbeds,
including flights, results of which were accepted as certifica-
tion works which must be carried out on prototypes on the
phase of development and certification. These works on
flying testbeds considerably reduced certification volume and
duration of the these flight and navigation equipment
complex systems on prototypes. For illustration (as an
example) the table is shown (fig. 7).

Besides the above mentioned flying testbeds it is necessary to
note the flying testbeds on the basis of An-26 and IL-76MD airplanes,
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on which satellite technology development were performed. In fig. 8.
as an example, results of the curved approach on ICAO Cat. I are
presented of An-26 flying testbed for satellite navigation system GPS
in differential mode.

LIT is constantly improving the capability of the test center in the
interest of effective carrying out different aircraft, special complexes
and aeronautical product systems testing. In fig. 9 the list of LII flight
test center means is presented to support test flights.

Flying testbeds for various subjects are developed and used in LII
during flight researches of aeronautical products.

One example of works using flying testbed and LIl experimental
base in the interest of the aircraft flight safety improvement is
researches of active flight safely system development for many
airplanes.

Main tasks of the system are as follows:

— preventing violation of operating limitation on flight speed
and altitude;

— improving airplane resistibility to stall and spin.

In addition to the above mentioned flying testbeds it is necessary
to note flying testbeds on the basis of An-26 and IL-76MD airplanes,
on which the development of satellite technologies was carried out.

As an example it is shown in fig. 8 results of the ICAO Cat. L.
curved approach which was performed on the An-26 flying testbed
with the satellite navigation system of GPS type in differential mode.

LIl is constantly improving the test center capabilities for the
purpose of effective tests of various aircraft types, special complexes
and aeronautical product systems. The list of LII test center means is
presented in fig. 9.

Flying testbeds for various tasks are developed by LIl and used
during flight researches and tests of aeronautical products. One of
work examples using the flying testbeds and LIl experimental base in
the interest of aircraft flight safety improvement is researches of an
active safety providing system of the high-maneuverable airplane
flight.

The main tasks of the system are the following:
— to prevent exceeding of operating limitations on flight speed

and altitude;
— to increase the aircraft resistance to stall and spin.

The researches into the system development are performed by
means of flight and simulation complex, which is shown in fig. 10,
consisting of:

— flying testbed on the basis of Su-27 airplane with

experimental control systems, flight information display,
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exchange of telemetric and TV information with the ground
system of flight experiment control point;

— flight experiment control system, which provides input of
telemetric information and trajectory measurement data, their
processing and flight information forming for information
display system and command signals for ACS with
subsequent transmission on TV channel to aircraft;

— ground test and development bench of hardware-in-the-loop
simulation.

By means of this base the great volume of researches had been
carried out, which allowed to develop the system conception, rational
control algorithms, tc assess its functioning and get the flight
personnel assessment.

Flying testbeds for ecological researches are developed on the
basis of Mil-17 helicopter and Tu-134 and An-12 airplanes (fig. 11).

Mil-17 and Tu-134 flying testbeds are equipped with bleed air
systems and systems for concentration determination of CO, NO,,
H,C, O, O, and aerosols. These flying testbeds are intended to assess
an atmosphere pollution, for full-scale researches of physical and
chemical processes in an airplane wake vortex, transboundary transi-
tion researches.

The flying testbed on the basis of An-12 airplane is equipped
with the special equipment which provides to scan the ground surface
within the wide band of radiation from the radar band to ultra-violet
band.

These flying testbeds provide to carry out the ecological
monitoring of land and water surfaces, atmosphere practically in any
region of the Russian Federation.

The flying testbeds were successfully used for a number of works
in the RF and abroad.

LII has also the powerful ground experimental base, including:

— ground base station of satellite navigation, which provide the
high accuracy of navigation and landing systems in differen-
tial mode by means of correction determination and trans-
mission of such data to aircraft;

—— bench for both pilots ejection. Development of simultaneous
two seat ejection for space planes with simulation of different
cockpit attitudes;

— bench for seat tests of passenger airplane up to 30 g;

— base for preparation of flight strength tests. Calibration of
load forces for helicopters and light airplanes;

— flight simulator for researches of passenger airplane control
system dynamic and other benches and facilities.
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An example of using the LIl experimental base and developed
special means is the program on assessment of the static and dynamic
aircraft loading.

The main task of LII in the area of flight strength tests is to
determine actual static and dynamic loads, which effect on airplane in
flight, and to specify objective laws of the structure loading.

On the basis of flight test data design bureaus and TsAGI clarify
design data and experimental materials.

The LII complex of special means (fig. 12) which is developed
and produced by LII, is used for the assessment of dynamic and static
aircraft loading. The determination of aerocelastic stability margin and
flutter characteristics is carried out by means of aerodynamic or
electrodynamic aircraft structure excitation system as well as systems
using aircraft control surface deflection by specially formed signal
through the automatic control system. The means of shock and
mechanic excitation of electroimpulse eddy current excitation are used
to assess vibroacoustic loading of aircraft structure elements.

The base was established in LII to support aircraft tests on static
loading  assessment of aircraft structure elements during
multicomponent calibrated loading of strain-gauging airplane parts
and other aircraft during its preparation for flight strength tests.
Another example of the LIl ground base using are tests of the airplane
system resistance to effect of external electromagnetic fields which are
mandatory in accordance with effective foreign airworthiness
requirements. Experimental facilities developed by LIl in combination
with the appropriate measurement equipment provide tests on the
effect of external electromagnetic fields in accordance with FAA
requirements or certification bases, In particular the IL-96, Tu-204,
IL-114 airplanes were tested on such environmental effects. The
working episode of tests on the electronic engine control system resis-
tance to the effect of external electromagnetic fields is shown in

fig. 13.

The technology of aircraft and its system tests on the lightning
and electrostatic protection which provides to carry out a work cycle
to support the development of actions on the protection, its checking
and issuing appropriate certification materials.

The technology provides tests on the lightning strike selectivity,
determination of the current pattern, assessment of induced electro-
motive forces, checking of the actual structure element resistance to
the full-scale lightning strike, and the final assessment of lightning
protection on jet aircraft by means of the PIK-URAL simulation

complex.

The working moment of airplane "Finist" model tests on the
selectivity strike by means of the high voltage facility is shown in
fig. 14.
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Some words about radio links of digital information transmission.

ICAO decision on necessity to use in the system of information
exchange "aircraft-airtraffic control service" the radio link of auto-
mated data exchange required to develop the new technology of
researches and flight tests of digital information transmission radio
link.

As main parameters of the data exchange radio link are specified
by probability values, it is necessary to have a large volume of
material to assess, obtaining of which in the flight experiment requires
great expenses and time.

The combined assessment method of main parameters of the data
exchange radio link provides work carrying out on flying testbeds and
simulators (hardware-in-the-loop and software-in-the-loop simulation).
The block diagram of the data exchange radio links is shown in
fig. 15.

Works on aircraft noise certification have been being carried out
in LII from the beginning of 1970s. As a result, 26 certificates have
been obtained, which confirm the aircraft compliance with
international requirements of the ICAO Annex 16. Aircraft certification
tests in our Institute have a number of advantages:

— long runway (more than 6 km) provides to carry out tests in
one place practically of all types of sircraft from very light
aircraft to super large transport category airplanes;

— experimental base of the Institute is equipped with high
accuracy trajectory measurement means that it is very
important for such types of testing;

— practically, all new types of aircraft are tested on the base of
our Institute. So there is the possibility to carry out noise
tests along with the aircraft airworthiness certification that
reduces the cost of these works.
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Flight Simulation Complex
1 - dynamometric element;
2 - transmitter;
3 - receiver;
4 - actuators;
5 - trajectory information (data) channel;
6 - telecommunication channal
7 - telemetry downlink
8 - computer;
9 - primary data processing;
10 - control command generation;
11 - radiocommand control channel;
12 - control inputs to rudder, elevator and engine;
13 - computer based real - time data analysis;
14 - graphic presentation (visualisation) of information;
15 - flihgt data recording.
44




PLENARY SESSIOfNY

45




PLENARY SESSION

100 %
II-76 Flying Test-bed

B
e

~~

\ N \\\ NR 3
\\ N NN NN N i
N X \S\\\‘\ Nt
\\\ NN \\\\i N X )
\ \\\s\ N\ N\
D 3‘\ \\\%\ \ NN
. ‘ .
.
D

L \\Q\“\ . - - N

Q

N N
R D NN
\ \i\\\\\ A0 HEREER ER E

M R \ ‘ ]
s

.

N\ \\\ \\\\\\\ N ?\
i (s,
\ \ D \

Ol o

Ny
N
AR

T \\5
RO Do Rk e
| Monfioning Onboaid Test System

Reverse

Lage Angles-of-attack

An-124
100% .

o
~Z

Figure 6. Type and Volume Distribution of the D-18T Flight Trials

46




PLENARY SESSION

yuewdmbyg wuonefiaeN pue [oxjuod LI

JO UONPOYNIa)) pue EmEQOE@Q oY1 I0] P3qisol mﬁbm v

018 pue i \Commpmo

9yl 01 dn eWIUIW BYleaM

Buipue; Bujonpas pue uononpoud
$8119S Olui swslsAs juswdinba
uoileBiaeu pue (041u00 yBi snosdwWNU

awibas dwuosqgns Ul pawioliad

- Aje1ajdwoo asem S1591 Julol 1USUIUIBACL

pawiojiad jou

sem mmmww UORBOILIBD PUCDSS By
ww:m_a:m

- H0T-NL'96-11 9ul 1O} (SINK) dHOS-WalIsAs
: luswbeuew 1ybiy) pue (SMJD)
ZddS-weisAs Bujusem Aywixoid punoub
‘JeBySpuiMm uo paqgisal BuiAll a8yl uo
umEotma EIETN mEm_c 1s8) 8yl

>mo_oom s|any SWolsAs co:mm:,u:
abues-Buo| jo iuswdojprsp ayl 1o}
pawoiad aiam si1ybiyl 1sei oyl

mc;o:nobc_ >Q Um>c\_a st >ocw_o_tm
umemmw mc_>= #op E. 8yl uo

12

ov

pue uoneiny

." EmEtmaoo

asuajaq 40
juswiliedsq

wa1sAs wiawdinbs
s1ybiyy Jo | uonebiaeu
. spaipuny  pue [0J1u00 By

(7 L-MN)
11 -X8|dwios
co;mm;mc

I1AID J0O

‘yeiole oy

_Emum>m |0J1UCT pue

o LNt Gy. = luswnisul ButAl

: (€-SS0s)
N Emyw\»wmc_chm\s

>H_E_x:a Uc:o._m

TP VA
L or-

- “m>w |euialul

98-1l ccl uoebineu aseq

~ AioBajes I __

R

" dz- (INg) xeidwios

‘4 @1nbig

9/-1
vai-nl
vEL-NL

- woLnL

vhLnL

9

¢9-1i

_n: (%¥Ng) X8jdwoo

CVIVA . 901 uonebiaeu aseq

gc-uy

S8J0N

swbyy jo
Jequinu e

WwidlsSAs 1uawdinba
aue|dne | sybyy jo uonebiaeu
adA10101q | JBquinN B . pue jo1u09 1ybil4

- peg-ise]

BuiAi§ e
Jo adA]

47




PLENARY SESSION

i

8001

22

24

Figure 8. The example of the DGPS automatic curve-line landing

approach, the flight performed on August 26, 1993.
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MI-17 LIZA FLYING TEST-BED FOR ATMOSPHERIC
CONTAMINATION ECOLOGICAL INVESTIGATIONS

Sampling probe Gas-analyzer umit . Data measurement system

TU-134A FLYING TEST-BED FOR PHYSICAL AND
CHEMICAL PROCESSES OF ATMOSPHERIC
POLLUTION RESEARCH
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bESIGN, ANALYSIS, AND TESTING
OF\Q)URABLE AIRCRAFT STRUCTURES

Amos W.Hoggard
\ Douglas Aircraft Company, USA

ABSTRACT

This paper examines the varied aspects of designing, analyzing
and testing of modern durable aircraft structure. Subjects are
coordinated around the development of structure for a commercial
aircraft and include the determination of design parameters,
identification of certification requirements, and subsequent analytical
and experimental verification of the design and certification
requirements. '

Structural design issues discussed include the design for ultimate
strength, the design for durability/damage tolerance, and the design
for the prevention of environmental degradation. Specific examples
are included from the MD-11 and MD-90 aircraft certification program
including the testing done to verify compliance with structural
performance and certification requirements.

The development of the Structural Design Service Goals, in terms
of flight hours and landings, is discussed along with the means by
which the manufacturer monitors the fleet. Extensions of Design
Service Goals are discussed with the lessons learned from the recent
world wide aging fleet activities.

Finally, the maintenance program for continued airworthiness of
the structure is described along with how it relates to the certification
requirements and development testing.

INTRODUCTION

The design of new commercial aircraff is a complex and
interdependent task. Balanced on the one end by performance and on
the other end by the amount of time required to perfect the design,
the manufacturer is often faced with making decisions that are crucial
to the program's outcome. One significant issue in the design process
is the development and verification of the desired performance level of
the structure. The design requirements that determine structural
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performance are based on regulatory, customer, and Douglas
requirements. Whereas the regulatory requirements generally deal
with issues of airworthiness, the customer requirements are generally
associated with economic issues. This paper examines the varied
aspects of designing, analyzing and testing modern durable aircraft
structure to meet both regulatory and customer requirements.

THE REGULATORY REQUIREMENT

The regulatory requirement for the design of aircraft structure in
the United States is the Federal Aviation Administration's (FAA)
Federal Aviation Regulations (FAR). Specifically those regulations
exist in Part 25 of the FARs. The FARs were codified in 1965 from the
older CAR 4b requirements. Amendments to the FAR were
promulgated for a variety of reasons including new technology,
previously undefined safety issues and on occasion to correct errors or
improve interpretations. Since February 1, 1965, FAR Part 25 has been
amended 85 times. Similar regulatory requirements are published in
many different countries such as the Joint Aviation Authority's (JAA)
Joint Aviation Regulations (JAR) for the European Community and the
Aviation Register's NLGS-3/AP-25 for the Commonwealth of
Independent States. Differences in the regulations between the various
certifying States and the way they are interpreted can cause
significant slowing of the certification process with little increase in
overall safety.

Establishing The Certification Basis. @A manufacturer who
desires to certify a new aircraft within the USA begins the process by
letter application to the FAA signifying his intent. For new designs,
the date on the application generally determines the application date
and the particular amendment of the FAR under which the Aircraft
will be certified. For derivative designs, earlier versions of the FAR are
generally used for ‘common structure' with the latest version used for
the newer structure.

New Designs. As the name implies, new designs are aircraft that
are revolutionary in design concept rather than evolutionary. For
structure, this means that advanced metallic or composite materials
are used in designs that are unique and innovative. The design
configuration is such that extensive development, component, and full
scale testing is required to verify the structural performance design
parameters before it can be certified. In today's state of design, the
consideration of a 'New Design' goes beyond the consideration of just
the structure to the design and possible interaction of sophisticated
avionics, hydro-mechanical and mechanical systems.

Derivative Designs. Derivative designs are designs that contain
modifications to aircraft previously certified under a given regulatory
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requirement. The design modifications may include one or more of the
following changes:

Increased gross weight.

Fuselage lengthening / shortening.

Wing tip extensions / winglets.

Engine changes.

Avionics/mechanical system modifications.

AR

In general, the areas affected by the design modifications are
subject to the latest Amendment of the FARs, whereas previously
certified structure is subject to the FAR Amendment under which the
aircraft was originally certified. While this may seern inconsistent, it
expresses that in many respects the older structure has been certified
to the latest amendment through a combination of successful service
experience and required changes in the design that have been
evidenced as airworthiness issues during the service experience. In the
United States, it is against the law to issue a certificate of
airworthiness to a production aircraft in which there is a known
airworthiness issue (AD).

Certification Basis. At Douglas, the certification basis of the
aircraft is initially embodied in a document called the 'FAA Master
Type Certification Plan' {see fig. 1). This document has no regulatory
status in and of itself but represents an agreement between Douglas
and the certifying agency on what needs to be accomplished to certify
the aircraft. At the beginning of the certification process this
document contains a Douglas proposed certification basis presented to
the FAA for review and comment. Changes are made as appropriate
until a final position is determined. At this point, the certification basis
is agreed to by both Douglas and the FAA and the FAA officially
acknowledges the basis by the publication of an Issue Paper. The
certification basis is further amplified in a Certification Basis
Document. The Certification Basis Document normally consists of the
FAR Amendment(s), a number of issue papers requiring resolution and
any special conditions to which the Aircraft will be certified.

While the intent of the FARs are clear, issue papers and special
conditions are perhaps not so clear. An Issue Paper provides a means
for the identification and resolution of significant technical, regulatory,
and administrative issues that occur during the certification process.
Issue papers are primarily intended to provide an overview of
significant issues, a means of determining the status of issues, and a
post-certification summary statement on how issues were resolved.
Under the provisions of FAR § 21.16, a Special Condition is issued
only if the existing applicable airworthiness standards do not contain
adequate or appropriate safety standards for an aircraft because of
novel or unusual design features of the product to be type certificated.
Issue Papers and Special Conditions may also be issued for a variety
of other reasons including special requirements to address chronic
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in-service problems. The complete FAA Certification process used for
the MD-90 program is shown in fig. 2.

CUSTOMER REQUIREMENTS

Ideally, the customer's needs are expressed in terms of economics
rather than safety. With safety as the common denominator, the
customer desires an aircraft that is less costly to operate and maintain
than the aircraft that is being replaced. Consequently, the operators
are participants in the design process to insure that their basic
concerns are accounted for in the design. Some of the more significant
issues that customers are frequently interested are shown in fig. 3.

MODERN AIRCRAFT DESIGN PRACTICES

The Douglas Aircraft Company, a component of McDonnell
Douglas Corporation, has established design policies and goals which
ensure that Douglas products have long lives and predictable aging
characteristics. The design of a new aircraft starts with the definition
of all of the design conditions and design goals for the structure.
These conditions not only specify the extreme structural design
requirements for the aircraft, but also the length of time (years, flight
hours, and landings) the aircraft should be in operation and not suffer
from degradation due to fatigue or corrosion, The ultimate strength
design conditions for a modern day transport represent extreme
loading conditions, which occur infrequently in the life of an aircratft.
The design conditions for fatigue/damage tolerance and corrosion are
the routine loading and environmental conditions that an aircraft sees
on a day-to-day basis. In fig. 4, some examples of the extreme
conditions include encounters with exceptionally high levels of
turbulence in a thunderstorm, abrupt maneuvers to avoid collision,
landings at descent rates far above normal, and a dive pullout
following an inadvertent upset. On a statistical basis, these extreme
events will occur less than once in the life of an aircraft. In the last
decade the probability of such encounters has decreased due to
refinements in the ability to predict adverse weather conditions and
the use of predetermined and controlled route structures. Normal
loading conditions, experienced by each aircraft, include all variations
in ground and flight loads. These include loads due to routine taxi,
takeoff, climb, cruise, descent, and landing. A representative internal
load time history that results from normal operation is illustrated in
fig. 5.

The Design for Ultimate Strength. The extreme design
conditions are dictated by regulatory authorities throughout the world.
The authorities publish regulations similar to the Federal Aviation
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Regulations (FAR), In certain instances, Douglas not only adheres to
the authority's recommendations but also goes beyond the
requirements in order to meet established goals.

The regulations identify two different categories of Structures.
The first is called damage tolerant structure (also referred to as
fail-safe structure) and the second is called safe-life structure. Damage
tolerant structure must be tolerant of damage and still able to carry
the limit loads after occurrence of damage. Such structure is designed
so that major components such as spar caps, stringers, and skin can be
partially or completely failed, but the aircraft can continue to fly
safely until the condition is discovered and corrected during the next
maintenance check. This includes tolerance to corrosion, accidental
damage and fatigue. Almost all structure of the airframe can be
classified as damage tolerant.

Safe-life structure refers to components that are not damage
tolerant. These items are generally single load path structure and
involve the use of extremely high strength materials. As such, safe-life
structure will fail due to limit load application before a flaw can
reasonably be detected by nondestructive means. Therefore, in order
to avoid single load path failure and ensure the structural integrity of
the aircraft, the structure is periodically replaced. A typical example of
safe-life structure is the landing gear. Examples of both types of
structures are shown in fig. 6.

The actual design of the primary load carrying aircraft structure

is balanced between:

1. The amount of material required to prevent structural failure
from one of the extreme loading conditions described above
(ultimate strength),

2. The amount of material required to sustain structural
integrity with certain levels of hidden or undiscovered
damage (damage tolerant or fail-safe}, and

3. The amount of material required to delay the onset of wide
spread cracking until the aircraft has reached its useful life
(fatigue resistant).

This is done through a process of selecting design limit stress
levels, materials and design features which accomplish all three
requisite conditions.

The Design for Long Life. Douglas' design goals are initially set
to an equivalent economic life of 20 years. In the past this has been
established on a financial rather than a technical basis because the
customer expects an amortization period of at least 20 years. In order
to meet this requirement, Douglas designs and builds products for a
minimum average useful life of 40 years. This provides the customer
with a high statistical probability that the aircraft will be relatively free
from fatigue or corrosion problems for 20 years providing the routine
maintenance tasks are performed.
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Damage tolerance concerns cause one to consider the potential
crack growth of a single isolated crack in the design of any feature of
the aircraft. A single small crack in itself is not critical to the integrity
of damage tolerant structure. It is the subsequent growth of the crack
and loss of residual strength that is of concern (fig. 7). The cyclic
nature of the loading an aircraft experiences can cause the crack to
grow and eventually weaken the local structure to a point at which it
cannot withstand the extreme design conditions ({fig. 7). It is this
condition that must be prevented. Adequate prevention is provided
through careful detail design, encompassing both crack growth
characteristics and crack detectability (inspection}. This is also backed
by a comprehensive test program and, ultimately, routine maintenance
checks and special inspection programs performed by the operators.

The process of finding and repairing cracks and corrosion in
older aircraft could continue indefinitely. However, as shown in fig. 8,
economic factors should serve to retire the aircraft. Such factors
include:

1. competition with newer technology aircraft whose operating

costs are significantly less,

2. increased repair, and maintenance costs associated with

aircraft experiencing widespread cracking and

3. regulation changes which retroactively affect the certification

basis of the aircraft (e.g., FAR Part 36, Noise rules).

As shown in fig. 9, Douglas' design goals differ markedly
depending on the structure being designed. Damage tolerant structure
for commercial aircraft is designed to be ifree from fatigue cracking for
the first life and to have no major fatigue crack problems throughout
its second life. Safe-life structure is designed to be crack free for a
minimum of three lifetimes of the projected usage. These design goals
are verified through analysis and a series of development, component,
and full-scale fatigue tests. The MD-90 testing programs include an
increased requirement for testing to three lifetimes on all structure.
This requirement is Douglas imposed.

The Design For Corrosion Prevention. Undetected and
unrepaired corrosion damage will ultimately cause the loss of
structural integrity. In many areas of an aircraft the loss of integrity is
preceded by significant reductions in fatigue life and residual strength
(fig. 10). If the corrosion is widespread, the loss in integrity could be
manifested in major structural component loss under normal flight
loads. While this is an exireme example, there have been recorded
instances of in-flight break up due to corrosion (Taiwan Air 1975

accident).

Historically, aircraft were not designed to tolerate specific levels
of corrosion. The primary reason for this is based on economics. An
aircraft operated in the f{ropics may require significantly more
corrosion protection than one operated in more temperate regions.
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Corrosion prevention systems add significantly to the weight of the
aircraft and therefore the operator operating in the more temperate
region was not willing to incur the extra weight penalty for his
aircraft. Therefore operator maintenance programs have been relied
upon to find and correct corrosion before it could significantly erode
structural safety margins.

In today's world of the mega-airline and mega-leasing companies,
this may not be true anymore. While the premise of not designing the
aircraft to tolerate specific levels of corrosion remains, airlines are now
demanding aircraft to be highly resistant to all forms of corrosion.
Indeed, in the design of the DC-10 twenty five years ago and more
recently our MD-80, MD-90 and MD-11 aircraft, our operators realized
the importance of the manufacturer in providing a corrosion resistant
aircraft. In providing designs that meet the operator requirements, the
manufacturer must consider the structural environmental threats
shown in fig. 11.

Douglas has the design goal to produce an aircraft that will
tolerate, at the minimum, one design lifetime of usage without the
evidence of significant structural corrosion. With this approach,
Douglas has opportunity in three specific areas to achieve this design
goal:

e Structural Material Selection,

e Design Features,

e Supplemental Materials and Processes.

Structural Material Selection. The selection of materials that are
naturally resistant to corrosion is a significant step towards structure
that is corrosion resistant. This includes the judicious selection of
materials that have lower anodic potentials and avoidance of materials
such as magnesium. This also includes the selection of materials where
dissimilar materials may come into contact. Materials that have lower
and similar anodic potentials tend to be less susceptible to corrosion.
The selection of heat treatments is also an important consideration for
stress corrosion and exfoliation. Use of overaged heat treatments tend
to reduce susceptibility to stress corrosion and exfoliation. These
thoughts are summarized in fig. 12.

Design _Features. Design features are employed as one way of
preventing moisture retention within the structure. These design
features used on Douglas products are summarized in fig. 13 and are
generally aimed at providing positive drainage paths to bilge areas
where the moisture can be drained.

Supplemental Materials and Processes. These materials and
processes form the primary shield in protecting the aircraft structure
from corrosion. Their primary purpose is to form sacrificial and
impervious layers to prevent moisture from ever reaching the metallic
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surfaces. Again, where moisture and corrosive materials (e.g. battery
acid, lavatory wastes, etc.) can be excluded from the metal surfaces,
corrosion can be prevented. A summary of the various surface
treatments used in Douglas products is shown in fig. 14.

In-service Experience. The DC-10 was the first commercial
aircraft designed with the corrosion prevention system described
above. In the design process, our operators demanded that the aircraft
have a level of corrosion protection that would set the standard for
future aircraft. We listened to our customers and began the design
process by reviewing our experiences with the DC-8 and DC-9. What
evolved from that review was a corrosion prevention system
recognized by International Air Transport Association (IATA) for a
superior approach to corrosion prevention. In fact IATA adopted many
of the design features into their recommended specification for aircraft
corrosion prevention. The design features employed for the
DC-10/MD-11 fuselage are shown in fig. 15.

After a total of 25 years of service the DC-10 has yet to develop
significant in-service corrosion problems. Even when the aircraft
received little or no attention over a period of time, the corrosion
prevention systems held up remarkably well. During its production
life, Douglas changed the build standard only twenty times to
accommodate in-service problems due to corrosion while other
manufactures have required literally hundreds of changes to control
in-service corrosion problems. As a testimony to the corrosion
prevention system used on the D(C-10, one operator has successfully
extended the first major corrosion check on his DC-10 fleet to 48,000
flight hours. This represents over two and half times the original FAA
Maintenance Review Board {(FAA MRB) proposals (18,000 hours). The
DC-10 was designed for 60,000 flight hours and currently some aircraft
have over 90,000 flight hours. The design standards for corrosion
prevention developed for the DC-10 are part of the standards for
current Douglas products inciuding the MD-80, MD-90, and MD-11,

DESIGN VERIFICATION

Development Testing. In the development of any new aircraft
the test program becomes the focal point to evaluate the performance
of the design concept, from the small details of the design to the full
scale article. Tests are performed both to satisfy regulatory
requirements (fig. 16 shows the DC-10 in Proof Test and fig. 17 shows
the MD-90) and to ensure the design performance goals of the
structure are met. Testing begins early in the design process on
structural details of specific portions of the aircraft.

Various design concepts are evaluated for structural strength,
fatigue life, and damage detectability. The purpose of the evaluation
process is to identify design concepts that meet the design
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performance goals. As an example, the final designs for fuselage
longitudinal skin splices for the DC-8, DC-9 (MD-80, MD-90), and
DC-10 (MD-11) are shown in fig. 18. Over 50 different configurations
were evaluated for each model. The most promising concepts were
integrated into full size panels (fig. 19), which were subject to
repetitive loads simulating the full scale aircraft. If premature failures
are experienced, the design is modified and re-tested. As shown in
fig. 20, full scale portions of the airplane are placed in test fixtures
and fatigue tested, using cycle-by-cycle and flight-by-flight loading,
for at least two projected lifetimes; three for safe-life structure. If
premature failures are encountered during this phase of testing, the
design is modified and service bulletins are issued to correct
deficiencies in all delivered aircraft. It is the Douglas policy to have
completed at least one lifetime of fatigue testing before the aircraft
enters commercial service.

Certification Testing. From the smaller component tests to flight
testing, the FAA requires a whole suite of tests including conformity
inspections to insure that the aircraft structure meets the basic
airworthiness requirements. Some development testing is performed as
a means of satisfying regulatory requirements. Tests such as fastener
allowables, compression allowables etc. are normally configuration
sensitive and need to be developed as part of the certification process.
In current aircraft certifications, tests are required to demonstrate
fatigue endurance and damage tolerance characteristics. Tests are also
required to demonstrate structural capability under limit loads. Tests
to ultimate load are required for structure that is innovative or use
materials that have never been fully characterized.

Derivative designs can and do make use of tests performed on
earlier models. Ultimate tests and large scale fatigue tests are normally
only performed on the first model of aircraft produced. Ground
vibration testing and flight tests are normally required to demonstrate
freedom from f{lutter for the dynamic modes that have modified
characteristics. A summary of the major structural tests performed in
the MD-90 certification program is shown in fig. 21. '

THE MAINTENANCE PROGRAM FOR STRUCTURE

When an aircraft enters service it is the responsibility of the
operator to perform routine maintenance checks in order to detect and
correct damage or deficiencies in a timely manner. The requirements
of most regulators stipulate that an acceptable maintenance program
must be in place before the airline initiates service. This process is
illustrated in fig. 22. Before certification, Douglas and its operators
propose a maintenance program to the FAA Maintenance Review
Board (FAA MRB). The FAA reviews, modifies and approves the
program based on supporting data submitted by all parties. Once
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approved, the operators have a basis for establishing a FAA approved
maintenance program based on the MRB report. Individual
maintenance programs developed at the airline from the MRB
document are then approved by the Principal Maintenance Inspector
(PMI) who surveys the airline. When sufficient data exists to warrant a
review (e.g. expansion of time limits) the airlines can petition the FAA
MRB to modify the maintenance program.

Currently jet aircraft maintenance planning documents are
developed under an Airline Transport Association (ATA) document
titled 'Maintenance Steering Group-3' (MSG-3). The guidelines
provided in MSG-3, for program development, deal with both systems
and structure. Maintenance procedures for the structure are initially
directed towards corrosion and accidental damage. Later, a separate
mandatory inspection is introduced to deal with fatigue related
damage. MSG-3 was developed, in a joint effort between the ATA,
Aerospace Industries Association (AIA), International Airline Transport
Association (IATA), Association Europeenne Des Constructeurs De
Materiel Aerospatial (AECMA), and the FAA, as an acceptable means
of addressing the requirements of FAR 25.571 and FAR 25.1529,

Amendment 54.

A revised version (MSG-3R2) has been issued, which eliminates
the ambiguities of the first document and incorporates many of the
aging aircraft initiatives discussed later in this document. The MD-11
and the MD-90 have complied with the full intent of this document in
developing maintenance programs. The MD-80 and DC-10
maintenance programs are currently being revised to comply with
MSG-3R2. This is expected to result in an extensive operator cost
savings in the maintenance program activities for both aircraft.

Once the new aircraft model is delivered, Douglas continually
monitors the performance of the airframe. If unanticipated cracks or
corrosion develop, Douglas will evaluate the cause, issue
recommended repairs, and appropriate modified maintenance
instructions. Douglas alsc modifies production aircraft in order that
the newer aircraft will be protected against the event.

DOUGLAS PRODUCT LINE

Douglas has produced over 3200 commercial jet aircraft since
1958. There have been three distinct model lines and six different
model types spanning the nearly 40 years of production. A summary
of the DAC Commercial product line is shown in fig. 23.

DC-8. The DC-8 was the first Douglas jet to be introduced in
1959. Of the 556 originally produced, over 300 continue in use today.
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All of those in-service have exceeded the original 20 year design life
goal. Operation of these aircraft is expected well into the 21st century.

DC-9. The DC-9 was introduced into revenue service in 1963.
The initial 70 passenger aircraft was quickly grown to seat up to 130
passengers. A total of 976 of these aircraft were delivered in five
different models. Currently over 880 are still in service. Some of these
remarkable aircraft are successfully being used into their third lifetime
with little or no signs of structural degradation. This aircraft has been
type certified by the Aviation Register.

DC-10. The DC-10 was introduced in 1971 and was Douglas’ first
wide bodied aircraft designed to hold upwards of 280 passengers in
three classes. The aircraft quickly became a success in both domestic
and international routes. Of the 446 aircraft produced, 419 are still in
service around the world. This aircraft is the newest type of aircraft to
be operated in the CIS. This Aircraft has also been type certified with
the Aviation Register.

MD-80. The MD-80 is the first major derivative model of the
DC-9. First delivered to operators in 1980, the MD-80 has been the all
time best seller of any Douglas commercial product. Still in active
production, over 1,120 have been produced with a total of 1,111 still in
service around the world. Demand for this aircraft is expected to keep
the production line open well into the next century.

MD-11. The MD-11 is the first major derivative model of the
DC-10 aircraft. Introduced in 1990, 131 have been produced and are
active. Customer acceptance of this technologically state of the art
aircraft has been high. Production of this aircraft is expected well into
the 21st century.

MD-90. The latest aircraft added to the Douglas commercial line
is the MD-90. This is also derivative of the DC-9 aircraft with engines
that have been designed to be quiet and environmentally friendly. The
MD-90 entered revenue service in April of 1995.

MD-95. The first aircraft to meet the challenge of a global
manufacturing community is yet another DC-9 derivative. Aimed at
augmenting the 100 passenger market, this DC-9-30 sized aircraft is
being actively offered to airlines around the world. Authority to
proceed with design and production of this aircraft will come when
launch orders are booked.

67




PLENARY SESSION

AGING AIRCRAFT LESSONS LEARNED

In April 1988, worldwide attention was focused on the subject of
Aging Aircraft when an airplane's roof blew off. Evaluations of the
accident revealed that the major cause was directly attributed to
age-related structural degradation that was not found in a timely
manner.

As a result of the Conference on Aging Aircraft held in
Washington DC in June 1988, 21 aging aircraft issues were identified
for resolution (fig. 24). The Airline Transport Association (ATA)
sponsored the development of three task groups — one each for
Boeing, Douglas, and other manufacturers — composed of industry
representatives, operators, and regulators to address the issues
identified at the conference. The ATA appointed a blue ribbon
Steering Committee (now known as the Airworthiness Assurance
Working Group (AAWG))} to direct the work of the task groups. The
primary tasking was to examine on a broad basis the situation that
allowed the 1988 accident to occur and then to propose paradigm
changes to the way industry viewed a fleet of aging aircraft. The
prime objective identified was to identify actions that would restore an
aircraft to a baseline configuration where the inherent fail-safe and
damage tolerance design concepts were intact. By accomplishing these
actions on an aging aircraft, the aircraft would be restored to a point
where the normal maintenance program could, once again, be relied
upon to insure continued airworthiness. The AAWG called for major
tasks to be accomplished in the areas of product evaluation and
research and development.

Product evaluation. The AAWG identified the following steps to

be accomplished in the Product Evaluation phase:

1. Select Service Actions for termination of special repetitive
inspections in areas where a high likelihood of damage exists
in combination with specific airworthiness concerns.

2. Implement an industry-wide mandated minimum corrosion
control and prevention program by model.

3. Develop an assessment procedure for airline maintenance
programs to determine program adequacy against known
standards of excellence.

4. Develop the means to assess long-term structural repair
quality of repairs on aircraft in the current fleet and schedule
the removal of questionable ones.

5. Assess the Structural Supplemental Inspection Document
(SSID) program findings in relationship to original program
objectives and requirements and make any necessary
adjustments.

68




PLENARY SESSION

6. Establish an industry common assessment process to
determine a design's susceptibility to widespread fatigue
damage and make model specific recommendations to
prevent its occurrence in the fleet.

Items 1, 2, and 5 have been formally implemented on the Airbus
A-300, Boeing 707, 727, 737, and 747, BAe 1-11, Douglas DC-8, DC-9,
and DC-10, Fokker F-28, and Lockheed L-101!1 by Airworthiness
Directive. These items are reviewed annually to insure completeness
and if necessary modified to assure continued airworthiness. Items 4
and 6 are still being developed by the task groups and Item 3 was
published as an informational report by the Airline Transport
Association.

The actions specified in the Product Evaluation phase represent a
comprehensive audit of structural issues and a baselining of the
aircraft. Accomplishing the actions identified in the product evaluation
process together with normal maintenance provides continued
airworthiness of the aircraft past its original design life goals (fig. 25).

The significance of the aging aircraft activities has not been lost
for future generation aircraft. Specific activities have been put in place
to insure that current and future certification programs will have the
full lessons learned from the earlier generation aircraft. For Service
Action review, the industry now participates in a lead airline review
prior to finalization of the Service Action. During the review, Douglas’
operators have a chance to review the Service Action prior to
publication where an assessment is made as to how and when the
Service Action should be terminated.

The Corrosion Prevention and Control Program (CPCP) has been
embodied in the MSG-3R2 document making it a possible to address
maintenance programs for corrosion prior to certification. In addition,
the FAA has been considering a modification to FAR 121 (129, 135
etc.) requiring a pre-certification maintenance program for corrosion.

The Supplemental Inspection Documents have been incorporated
for future aircraft by Amendment 54 to FAR Part 25. This amendment
requires the production of an Airworthiness Limitation report that
embodies the intent of the SID before certification.

The issue of widespread fatigue damage has been included in a
proposed revision to FAR Part 25.571. This revision advocates the use
of fatigue testing to determine the likely possibility of when
widespread fatigue damage might occur in-service. The change to the
FAR and accompanying revision to the Advisory Circular is expected
later this year.

By virtue of the damage tolerance certification basis for all new
aircraft, the issue of inspection programs for repairs on primary
structure is a requirement. The MD-90 and MD-11 have been certified
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with FAA approved damage tolerance repairs in the Douglas
Structural Repair Manual (SRM}.

Research and Development. This task is aimed at establishing
research and development needed to augment and understand the
behavior and management of an aging group of aircraft. An industry
team composed of manufacturers, operators, regulators, and NASA has
been guiding research in areas such as advanced NDI techniques,
analytical methods for widespread fatigue damage, and testing
requirements for certification issues.

SUMMARY

In summary, the production of long-life, safe and reliable aircraft
is a joint effort between the Operators, the Manufacturers and the
Regulators as shown in fig. 26. When one or more of the elements is
missing, the system becomes unstable and potentially unsafe. All
elements must work diligently and work together to insure product
safety and reliability. Douglas is committed to this concept since it
began production of commercial aircraft 75 years ago.

Since the Douglas Commercial, First (DC-1) was introduced in
1933, Douglas established a definitive position in commercial aviation.
This position was further established with the introduction in 1936 of
the Douglas Commercial, Three (DC-3) forerunner of the C-47 and
Soviet Li-2 (estimated 16,000 plus produced). Out of the rich heritage
of the DC line, over 3200 successful commercial jet aircraft have been
produced. As Douglas celebrates it's 75th year as a manufacturer our
collective commitment remains focused on producing the same high
quality products, known worldwide for reliability and toughness, that
has always been associated with the Douglas products such as the
DC-3. As Douglas looks to the 21st century and planning continues to
introduce the newest member of our product line, the MD-95, Douglas
will continue to be at the forefront of commercial aviation.
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CUSTOMER REQUIREMENTS

LIGHT WEIGHT RELIABLE STRUCTURE

CORROSION PREVENTION AND CONTROL

EASE OF STRUCTURAL INSPECTIONS

INFREQUENT STRUCTURAL INSPECTIONS

EASE OF STRUCTURAL REPAIRS

FIGURE 3. CUSTOMER REQUIREMENTS

CRITICAL-DESIGN CASES

P —— ABRUPY MANEUVER
HORIZONTAL TAIL
FUSELAGE VERTICAL TAIL
WING ) AFT FUSELAGE |
\ MANUFACTURER'S
OTHER CONDITIONS REQUIREMENTS
PRESSUAZATION
PYLONENGINE
FLUTTER MOUNTS
FAILURE CONDITIONS
LANDING AND : Gust
GROUND LOADS
o,
WING ARG FUSELAGE,
LANDING GEAR g??t?geucs
AND WING

FIGURE 4. MODERN JET TRANSPORT CRITICAL DESIGN CASES
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AIRCRAFT STRUCTURE IS DESIGNED FOR
LONG LIFE DUE TO REPEATED CONDITIONS
(FAR 25.571)
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FIGURE 5. TYPICAL LOWER WING SKIN INTERNAL LOAD TIME HISTORY

SAFE-LIFE STRUCTURE ~ DAMAGE TOLERANT (FAIL-SAFF) STRUCTURE

FIGURE 6. STRUCTURAL TYPE CLASSIFICATION
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THE EFFECTS OF CRACK GROWTH ON
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FIGURE 7. THE EFFECT OF CRACK GROWTH ON RESIDUAL STRENGTH
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FIGURE 8. WHEN TO RETIRE AIRCRAFT
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FAIL-SAFE

TgE [T STRUCTURE CRACK-FREE
STRUCTURE 71  NO WIDESPREAD CRACKING

SAFE-LIFE e :

LIFETIMES

FIGURE 9. DOUGLAS DESIGN LIFETIME PHIL OSOPHY FOR STRUCTURE

FIGURE 10. CORROSION DAMAGE DUE TO INADEQUATE MAINTENANCE
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SIGNIFICANT FORMS OF AIRCRAFT
CORROSION

« CORROSION BETWEEN SIMILAR METALS

« CORRSION BETWEEN DISSIMILAR METALS
» STRESS CORROSION

« EXFOLIATION

« MICROBIAL CORROSION

FIGURE 11. SIGNIFICANT FORMS OF AIRCRAFT CORROSION

STRUCTURAL MATERIAL SELECTION
FOR CORROSION PREVENTION

« LIMIT HIGHLY SUSCEPTABLE MATERIALS (e.g.
MAGNESIUM)

« USE OVERAGED HIGH STRENGTH ALUMINUM
PRODUCTS

» LIMIT DISSIMILAR METAL CONTACT

FIGURE 12. STRUCTURAL MATERIAL SELECTION FOR CORROSION PREVENTION
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Design Features for Corrosion Prevention

* Longeron Drainage to the Fuselage Bilge at the Inner Surface of the Skin
¢ Drain Holes at the Fuselage Bilge Center Line — Longerons off Center Line
* Fuselage Drainage Test to Assure Trap Areas are Gone

*  Physical Separation of Insulation Blankets From the Fuselage Bilge — Plastic £Egg Crate Sheet Between

Frames
* No Cold Bonded Joints or Liquid Shims
* No Adhesive Bonding in the Fuselage Bilge
e Design for Minimum Unusable Fuel
e Jet Pump Automatic Sumping from Fuel Tank

* ianding Gear Static Joint Holes and Lugs Chrome Plated

Figure 13. Design Features for Corrosion Prevention

Supplemental Corrosion Treatments

Fuselage

e Detal Part Ancpdize, Prme and Tepcear m Brge

s Faying Suraced Seaing of Al aints Leading to the Extenor

o Faying Suriaced Sealing of All Parts Attached to the Extencr Skin Beiow the Passenger Floor
e Lguid Displacements Sealant to Ehminate Filia Trap Areas

¢ Formvin-Place Sealant Gaskets for Fioors in the Lavatury. Galiey ana Enuy Areas

OwWer Fuseiage

e Apphcauon of Corros:.on Intubitve Comipound ro the L

Wing Fuel Tank

o Detal Part Anepdize and Fuel Tank Coaung

o Fayng Surfaced Seal of All Jonits Leading to the Extenor

o Faymng Suriaced Seal of All Parts Attached o the Extencor of the Upper Wing Sk and the Front and Rear Spar
Assemblies

e Faying Surfaced Seai of All Parts Attached to the Lowet Wing Skin

o [Ligund Displacements Seaant to Fyminate Fivid Trag Areas

Alrcraft Non-Pressurized Areas
e Structure Under Fanngs — Pome, Topeoat and Spray With Conasan inhibitive Compound

o Sealleading Edge and Closng Ribs of Contiol Sudfaces Leave Traing Eage Gpen to Drain (Except Honeycomby
o Coat Front Spar Assembiies of the Wing and Stabiizer (\Wing and Horzontai} Under the Leading Edge With

Conesion Inhibitive Compound

Figure 14. Supplemental Materials and Processes for Corrosion
Prevention
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SPECIAL FUSELAGE CORROSION COCNTROL DESIGN

E3 « ANODIZE ~ FR FRIME — WHITE
EPOXY TOPCOAT APPLIED TO
BETAIL PARTS

» FAYING SURFACE SEALING
+ CORROSION-PREVENTIVE
COMPOUND AFTER ASSEMBLY
I WHITE EPOXY TOPROAT APPLIED
AFTER ASSEMBLY

FUSELAGE COATING FUSELAGE DRAINAGE

SKIN
LOWER LONGERDH DRAIN PASSAGES

AFT PRESSURE
BULKHEAD
UNDER-LAVATDRY
DRAIH BARRIER

LONGEADN 52
(CENTERLINE}

NOTE: ALL LANDING GEAR COMPARTMENT
VISIBLE INTERIOR SURFACES RECEIVE WHITE LOWER GALLEY SUMP

IMPACT-RESISTANT TOPCOAT
CONVEYOR CHANNEL "
USE OF OVERAGED ALUMINUM ALLOYS  DRAINS TO SUMP SKil 3/8-IN.-DIR HOLE
NO ADHESIVE BONDING IN BILGE AREA FRESSURE SEAL DRAIN
SPECIAL CORROSION PROTECTION TREATMENT IN BILGE AREA
SIMILAR PROTECTIVE SYSTEMS EMPLOYED IN THE DC-9/MD-80 FAMILY

GUARD
- BUBBER SEAL

{UVERFRAME PANS)

Q:\

FIGURE 15. DC-10/MD-11 FUSELAGE DESIGN FEATURES FOR CORROSION
PREVENTION

DESIGN FEATURES VERIFIED BY TEST
DC-10 PROOF TEST

e
Vo R N Wi
': “ *

FIGURE 16. VERIFICATION OF DESIGN BY TEST
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FIGURE 17. MD-80 PROOF TEST

TYPICAL DOUGLAS SPLICE DESIGNS
LONGITUDINAL SKIN SPLICE

FAYING SURFACE SEAL DC-16 LONGERON NO. § FINGER DOUBLER

PR1422UPR1431G
MO ADHESIVE BONDING LONGERON
\ -
L}
DC-8 LONGERON NO. 1 \ { FRAME POSITION

FRAME POSITION - EXTERNAL
/e’ B 1 ol
. \ i\‘ DC-9 LONGERON NO. 1
FRAME POSITION
; SKiN

SKIN FINGER

DOUBLER

\
FINGER
,L—— ‘Y — DOUBLER LONGERON
FRAWE POSMON — FRAME

FOSITION

FIGURE 18. DOUGLAS PRESSURIZED FUSELAGE LONGITUDINAL SKIN SPLICES
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LONGITUDINAL FRACTURE

W SKIN SPLICE TOUGHNESS
D15 2 W < N I

STAUCTUNE ™
/ %émua .

7" 5 FRAME = v
LONGERON 4
JOINY

MATERIAL

N

SHEAR

= )% >
SIAD IMPACY SPAR CAP SPLICE

FLOOR SYSTEM %
%l Al TO STRINGER JOINT
\%% FRACTURE
WING-FUSELAGE TEE BASIC STRUCTURE FousHntss

SSPECIAL BANIK) FRAME TESTS
o ANALYS!S CORRELATION
o CONSEAVATIVE ALLOWABLES

FIGURE 19. DC-10 STRUCTURAL DEVELOPMENT TESTS

SUPPORT

LOADING BULKKEADS BULKHEAD

o>

SUPPORT

LOADING BULKHEADS BULKHEADS

FIGURE 20. DC-10 FULL-SCALE FATIGUE TEST ARTICLE
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MDS0-30 FAA TEST REQUIREMENTS

STRUCTURE PROGCFAJMIT ULTIMATE | SONIC | FATIGUE | DAMAGE TOL.
T1.5 FUSELAGE AND PYLON  } MAX LiP LOAD NO
MAX TAKEQFF RUN | NO
MAX DOWN LOAD NO
INADVERTANT NO
THRUST REVERSE
FUSELAGE 1.33 *MAX RELIEF | NO IXLUFE
CABIN
PYLON YES NO NO 3XLIFE 2X LIFE
PYLON FLAP YES FAIRED YES ANALYSIS
HINGES
ENGINE ISOLATORS
FORWARD YES YES TO YES YES
FAILURE
AFT YES YES YES YES
THRUST ISOLATORS YES YES YES YES
THRUST STRUTS YES YES YES YES
CLEARVIEW WINDOWS BIRDSTRIKE YES
SPOILER TEE BEARING YES YES

GROUND VIBRA TEST ACCOMP ON T-1 |

FIGURE 21. SUMMARY OF MD-20-30 STRUCTURAL DEVELOPMENT TESTS

THE MAINTENANCE PROGRAM
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TEST COMPLEX DEVELOPMENT TRENDS FOR AVIATION
ENGINE CERTIFICATION

D.A.Ogorodnikov, V.A.Skibin, Yu.A.Nozhnitsky
CIAM, Moscow

S.B.Petrov
CIAM RTC, Lytkarino

Domestic aero-engine production entered the period of exchange
relations. Even at the domestic Russian market there is an intense
competition with the leading foreign aero-engine production
companies. It means that on the one hand safe engine operation and
the engine competitiveness have to be provided (including reliability,
service life, economy, cost of maintenance servicing repair). On the
other hand it is necessary to decline the unprofitable method of
engine development and certification.

In spite of the rapid development of calculation methods, the ex-
perimental researches remain the most important and expensive aspect
of engine creation. Researches are carried out both for direct checking
to meet the certification requirements (certification tests) and for sup-
plementary checks of engines, their details and components in condi-
tions difficult for calculations, verification of calculation methods, data
base formation on material structural integrity, new technologies im-
plementation.

For a present day period it is typical to reduce the amount of
full-scale engine tests, the number of engines used for engine deve-
lopment and certification. It is compensated for the effective usage of
calculation methods and the increase of experimental data per a test.
The role of assembly, separate component and sample tests increases.
Certification tests (for example during the test on large-size bird
ingestion to the engine face, the fan blade breaking, etc.) are realized
on the following scheme "calculation — successful tests on an
experimental facility-official test on the engine". The increasing of ul-
timate amount of information per a test is provided at the expense of
calculations, automatic control, introduction of new methods of mea-
surement and experimental data processing in real time. It is signifi-
cant that there is a tendency to input data immediately into the com-
puter without intermediate medium usage.

At the improvement of the equipment and methods necessary for
experimental investigations and certification, it is essential to take into
account the experience of previous generation engine creation and
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operation. On the other hand the potentiality of the advanced engines
development and certification is to be provided.

The domestic industry experience gained in the previous years is
analyzed in details. Besides, special attention was paid to the analysis
of in flight shut down reasons and to non-localized destructions for
the latest 25 years. The experience of foreign engine certification al-
lowed to add the realized analysis with the comparison of home and
foreign approaches to engine certification.

Currently a great number of engines from different foreign com-
panies undergone certification tests in CIS. The basic modifications of
such engines as: JT8D, JT9D, PW2000, PW4000 (Pratt-Whitney, USA),
PW100, PW300, JT15D, PT6 (Pratt Whitney, Canada), CFG-6, CFG-50,
CFG-80, CT-7 (General Electric, USA), RB211-535, RB211-524 (Rolls-
Royce, Great Britain), CFM56-2,3 (CFMI merging General Electric and
French SNECMA), V2500 (IAE consortium including companies from
USA, Great Britain, Germany, Italy, Japan), TF-731, auxiliary power
plant GTCP331 (Allied Signal, USA) obtained APMAK certificate.

The experience of certification of the above engines first of all
showed that in spite of the difference in the approaches to the de-
signing, certification, manufacturing and operation of engines, on the
whole we have similar defects and measures to get rid of. At the same
time domestic standards are significantly severe than the foreign ones
in the respect of the requirements to the full-scale engine tests. Lately
the foreign companies had done a great package of work to improve
engine reliability. It was possible {o develop large-thrust engines and
to put a question forward about the issue of ETOPS certificate on 180
minutes flight from the moment of commissioning.

The carried out analysis showed the necessity of tightening ap-
proach towards localization of rotor components, assemblies, auxiliary
power plants and rotor fan blades destruction (including the destruc-
tion of the whole working part of the blade). Certification is also rea-
sonable at the so called "red line" conditions — the ultimate tempera-
ture and speed values allowable during the operation. It promotes the
increasing of engine reliability and service life. Finally, methodology
of service life verification should be developed in the line of endu-
rance test amount reduction for the tull-scale engines and in the line
of methods improvement to prove the service life of the main details
(data base usage on material structural strength in combination with
high level calculations, application of destruction mechanics tech-
niques).

In the new revisions of normative documents such as Airworthi-
ness Standards (AT1-33), Regulations for Determination and Increasing
of Service Life of Civil Aviation Gas-Turbine Engines, Their Units and
Complementary Parts (1994) — these approaches found their rep-
resentation. At the same time the advantages of the domestic ap-
proaches were kept in such questions as:
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— checking the compressor and fan blade self-oscillation ab-
sence;

— verification of absence of dangerous results at the disturbance
of kinematic coupling between compressor and a turbine
(destruction, disconnection of shafts).

It was mentioned that the development of experimental plant and
test methods should provide advanced engines certification. Currently
the works on propane engines and by-pass large-thrust engines
(~400 kN) have begun. The works on engines using non-conventional
fuels, engines for supersonic second generation passenger aircraft and
aero-space plane propulsions have begun too. The task to use gas
turbine engines developed on the basis of the aviation engines at sta-
tionary industrial installations is very urgent. Without a detailed
analysis of peculiar problems arising from these engines testing, it can
be mentioned that there is a necessity to provide tests of large size
engines (large diameter and large air mass flow) and to increase pa-
rameters (temperature, pressure} along with the engine passage
(especially in the engines for supersonic second generation passenger
aircrafts and in the propulsions for aero-space planes). The role of en-
gine/airframe integration increases. The range of problems dealing
with verification of service life and reliabilily enlarges.

For successful application of new design and technological solu-
tions of structures made of single-crystal, small grain and other ad-
vanced alloys of different composites, there is a necessity to carry out
experimental researches. The program of experimental researches is to
include the investigation of these materials deformation and destruc-
tion peculiarities. In addition, the following material peculiarities are
to be taken into account:

— anisotropy of properties;

— reduced plasticity, etc.

The influence of new design and technological solutions (hollow
widechord fan blades, blisks, blings, etc.) on strength and service life
is to be taken into account also.

The unique experimental facility to test engines, engine compo-
nents and details, to investigate material structural strength is avail-
able in CIAM. All engines for military and civil aircraft designed and
manufactured in the former USSR were tested at the altitude test cells
of CIAM and CIAM Research Test Center.

For 40 year period in CIAM RTC 1020 engines and their compo-
nents have been tested and 40370 tests been performed.

Unfortunately, due to financial problems the amount of tests
significantly reduced.

At the same time the program realization to update the aero-en-
gine production experimental facility has begun. The program was de-
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veloped with the mentioned above priorities taken into account. It is
obvious this program fulfillment will depend upon financial support.

Some examples of the equipment and test methods improvement
are presented in the report.

The strength branch of our industry is to undergo the definite
changes. The efforts must be focused to a considerable degree on:
— strength certification of new engines;
— realization of new methodology to verify the service life;
— implementation of new materials, design and technological
solutions.

It is possible to point out that the unique facility has been
developed during the past few years to realize super high temperature
tests (up to 1600—2000°C) of ceramic, carbonic and other new heat
resistant composite materials.
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CERTIFICATION OF DIGITAL AVIONICS COMPLEXES
FOR THE NEW GENERATION OF CIVIL AIRCRAFT

V.N.Suchkov
Institute of Aircraft Equipment (NILAOj, Zhukovsky, Russia

The paper concerns the problems of aircraft equipment certifica-
tion.

Aircraft equipment performs the increasing number of functions.
Electronic equipment avionics, plays a particular growing role and
performs the tasks of automatic flight control from takeoff to landing,
including en-route flight, and flight levels, time intervals and corridors
keeping.

Avionics not only controls an aircraft, but also optimizes routes,
flight levels, and engine conditions related to fuel consumption.

Flight safety depends much on the reliable performance of these
functions by avienics.

Therefore, the requirements for equipment reliability and fail-
safety of avionics complexes become more severe and can be satisfied
only with careful rig tests and strict certification.

Qualification and certification of aircraft equipment is a time-
and labour-consuming task. Successful qualification of accessories and
systems of aircraft equipment requires a wide range of test rigs and
facilities and special test procedures.

Rigs and sets for testing aircraft equipment have no such dimen-
sions as wind tunnels, equipment of strength test laboratories, engine
test chambers, but at the same time they provide complex facilities
with precision measurement equipment, automatic mode control sys-
tems, parameter recording and processing devices.

Since the range of aircraft equipment is wide and aircraft equip-
ment has different modes of operation, test rigs are also various in
purpose and functions. Creation of ground-based test rigs and
facilities for testing aircraft equipment is an independent engineering
discipline and requires great efforts from design bureaus, factories and
test centers.

Developers and manufacturers of aircraft equipment, however,
spend a lot of money to reduce the risk and costs of flight tests. Par-
ticularly, it is true for systems which affect flight safety. Testing for
some emergency modes such as short-circuits in power supply systems
is difficult and unsafe, if tests are conducted onboard, and therefore a
test rig is the only instrument of testing such conditions.

The Institute of Aircraft Equipment (NIIAO) is engaged mainly in
developing and certifying integrated avionics complexes (flight control

89




PLENARY SESSION

and navigation systems, radiocommunication complexes, power supply
systems) and has the appropriate experimental facilities to support the
work in these fields.

The development and certification of flight control and naviga-
tion complexes for the new generation of Russian civil aircraft such as
IL-96-300, Tu-204, and IL-114, was one of the major work recently per-
formed by NIIAO. The abbreviation "KSPNO" (transliterated from
Russian) is used to designate these complexes.

The problems of qualification tests of aircraft equipment will be
discussed using the work on KSPNO as an example.

But before considering the certification problems it is necessary
to describe the performance of the complexes, i.e. the subject of certi-
fication. These are the first complexes developed in Russian Federa-
tion in accordance with the recommendations of ARINC Series 700
and Russian Airworthiness Requirements (NLGS-3) (see fig. 1). As
compared with existing flight control and navigation equipment of
IL-86, Yak-42, etic., the KSPNO provided the considerable expansion of
the functions to be performed, improved reliability, decreased crew
workload, and reduced operational costs.

The complexes provide the growing number of regular safe
flights, including future separation requirements and ICAO Cat. I, II
and III automatic approach and landing in IFR conditions. The com-
plex configuration is shown in a block diagram (Fig. 2):

¢ Flight management system (FMS) BCC

e Flight control system (FCS) BCVIT

e Thrust control system (TCS) BCVYT

e CRT display system (full-colour) KHVHO, KITH, K1CC

e Strapdown laser inertial system (not completed, prototype
flying)

e Radionavigation and approach systems:
Short-range navigation system (SRNS) PCBH
Long-range navigation system (LRNS) PCAH

VOR BOP-85
ILS VINC-85
Radio altimeter {RA) PB-85

e Weather radar (WNR) MHPAC-85

e Air data system (ADS-85) CBC-85

e Flight envelope protection system (FEPS} CIIKP

o Ground proximity warning system (GPNS) CIIIT3

¢ Onboard maintenance system (OMS) CCAO-85

e Integrated control panels KIIPTC

e Standby instruments

The main performance of the complex is given in fig. 3:
Enroute navigation accuracy
— radio beacon zones 1-2.5 km
— reference-free land 1.85 km/h
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Vertical separation 300 mto H=12 km
MTBF 5, 000 hours
Readiness time 15-20 min.
Operation by state

Specific working hours of maintenance 0.3 MH/FH

Fig. 4 presents the performance and number (redundancy) of sys-
tems incorporated in the complex.

The following performance are given:
weight;
reliability factors;
test coverage;
accuracy in accordance with ARINC recommendations;
dimensions, power consumption.

At present a microwave landing system (MLS) and a traffic colli-
sion avoidance system (TCAS) are not installed on aircraft since
equipped aerodromes are not available for the first and the develop-
ment is not completed yet for the second.

Complex interface is provided in accordance with ARINC 429.
The systems included in the KSPNO complex were developed by a
number of research institutes and design bureaus of aircraft and radio
equipment industries.

To date the systems have undergone qualification tests, have
Airworthiness Certificates which insure their compliance with NLGS,
equivalent compliance for some cases, and are certified on the
IL-96-300 and Tu-204 aircraft.

It should be noted that a part of modes provided by the complex
are not certified due to the delay in software development and flight
tests. These modes include ICAO Cat II and III landing, automatic
vertical maneuver, integrated information processing. This work
should be terminated in the course of this year.

A number of systems used in the KSPNO have been developed in
the Russian Federation for the first time for application on civil
aircraft. These include a strapdown inertial system, satellite navigation
system, electronic display system, flight envelope protection system,
etc.

Now we shall consider qualification and certification tests and
test rigs and procedures used.

Current Russian standard rules provide for 2 test types: prelimi-
nary tests which are carried out by the product developer at the R&D
stage, and state laboratory tests (or interdepartmental tests with the
participation of the customer) which determine if a product complies
with the requirements of the design specification, airworthiness re-
quirements (NLGS) and other standards and specifications. Virtually,
these are qualification tests. If tests performed by the developer and
the customer give positive results, an Airworthiness Certificate is is-
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sued which certifies the compliance with airworthiness standards and
the possible installation on aircraft.

In addition to the tests of individual units of equipment , the en-
tire complex is tested for fail-safety. Software certification is a separate
major problem.

Tests of each system, instrument and unit can be conventionally
classified by their character in 2 types:

e Tests performed to show special characteristics specified for a
given system: accuracy, parameter drifts, output of valid digi-
tal signals, radiation power, receiver sensitivity, applied pres-
sure, cooling power, output voltage, etc. There are hundreds
of such parameters to be tested, e.g. 48 parameters are tested
for a strapdown inertial system only. They are specific for
each type of equipment and therefore rigs and sets for testing
such parameters are individual, except measuring devices,
and will not be discussed here since it will take too much
time. Each test rig is of interest only to a close circle of spe-
cialists. These tests are carried out by the developers.

e Tests applied practically to all types of equipment and units.
These include environment, EMC, lightning protection, ex-
plosion-proofness, reliability, power input tests. The tests also
require a wide range of test rigs and test facilities to be used.
These tests will be discussed in more detail. Fig. 5 shows en-
vironmental factors and corresponding test types.

It can be seen in the table that 51 tests are required to estimate

the effects of only 6 environmental factors.

As concerning the types of environmental factors, 9 test types are
conducted for mechanical effects (fig. 6). These include the tests of a
structure for resonance, vibration, shock, acceleration, acoustic noise.
4 types of test rigs, ignoring their load-carrying capacity, are needed
for these tests.

As a rule, vibration and shock test rigs and centrifuges are stock-
produced by many companies and can be purchased. A noise chamber
in use is in-house-produced. For random vibration tests, vibration rig
control equipment is required to generate specified spectra. The test
rigs should contain measurement equipment for analyzing the
characteristics of random processes. The tests should show the com-
pliance with the requirements of Appendix 8.1 which are in agreement
with DO-160C requirements, except some insignificant differences in
test procedures for vibration tests and in loads at low frequencies. Our
designers of instruments and radio equipment have a rich experience
in designing strong and vibration-proof equipment. The cases when
equipment does not stand tests happen rarely. The IL-96-300 and
Tu-204 aircraft are "quiet” and real mechanical effects on equipment
are below the levels specified in the standards. Tests were performed
mainly at the test rigs of the developers.
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Climatic Effects (fig. 7)

To determine compliance with the airworthiness requirements
(NLGS, App. 81 or DO-160) it is necessary to carry out up to 18 test
types, including 3 test types for different pressure variations and 7
types related to temperature, humidity, spray, sand and dust, solar
radiation, fungus, etc. tests. 10 different test rigs such as thermal pres-
sure chambers, salt spray chambers, sand-and-dust chambers, solar
radiation, overpressure chambers, etc., are to be used for conducting
the tests. The systems of the KSPNO were tested by both the develo-
pers and NIIAO.

Test chambers are generally stock-produced by a number of
companies. Test sets for large-sized products are custom-made. The
Institute has the test chambers, except sand-and-dust ones. Unique
facilities are also available, e.g. the thermal pressure chambers with a
volume of 60 m® altitude tolerance of up to 40 km and possible tem-
perature variations from —60°C to +500°C. A drive shaft is used with
rate of 24 000 rpm and the possible air flow rate of 5, 500 kg/hour that
provides testing electric generators. Air conditioning systems for dif-
ferent aircraft classes are tested in this chamber. Also, a rocket, fighter
cockpit and other large-sized products can be tested. The chamber is
equipped with the automatic parameter control system (for altitude,
temperature and their rates) and the measurement recording and
processing system. Climatic effect requirements specified in App. 8.1
essentially comply with DO-160C.

Currently a test center is created at the Institute. This center is
certified by the JAC AR and the State Standard Committee.

The Institute developed the engineering documentation and
manufactured the prototypes of an environmental test system built
using a modular design. The base is a typical module (chamber) with
a volume of 1 m* where typical units such as heaters, cooling units,
vacuum pumps, vibrators can be attached as required to transform the
compartment in a thermal chamber, or a thermal pressure chamber or
_ a thermal pressure vibration test chamber. The required volume of the
chamber is provided by means of several typical modules. Such an ap-
proach reduces the rig costs and makes the test rigs more flexible.

A separate paper on mechanical and climatic tests of equipment
and development of test rigs is presented in the Aircraft Equipment
Committee of the Conference.

Electromagnetic Compatibility (EMC]j (fig. 8)

To determine the compliance of equipment with EMC require-
ments it is necessary to carry out 12 test types as a minimum, inclu-
ding 3 tests for interference generation and 9 tests for susceptibility to
noise over power lines, and transmission lines and to electromagnetic
field effects on cases at different frequencies.
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8 test rigs are required for performing these tests. The test rigs
should be installed in a special certified shielded room. Almost all sig-
nal generators, measuring instruments and systems are foreign-pro-
duced (e.g. Rode-Schwarz).

The home industry produces only a limited range of standard-
signal generators. Our design bureaus are poorly provided with test
rigs and measuring equipment necessary for these tests. The consider-
able amount of testing for the KSPNO was provided by NIIAO. Since
the skills of the designers in providing specified parameters of equip-
ment under development, is inadequate, 11 systems included in the
KSPNO do not conform to the requirements. The basic non-conformi-
ties relate to susceptibility for power lines and transmission lines
within individual frequency ranges. The tests are performed for com-
pliance with App. 8.14.1 which is identical with DO-160B.

The problem of providing avionics EMC becomes more compli-
cated and urgent. On the one hand, electromagnetic onboard
environment aircraft deteriorates due to the increasing intensity of
external noise since the number of radio stations, radars and other
radiating facilities grows and their frequency ranges and radiation
power are extended. The same situation is observed on aircraft. At the
same time digital equipment and integrated circuits sensitive to
interference are finding increasing use in aircraft equipment. The
interference voltage of 2 to 3 V can result in equipment failures that
led in many cases to serious results of flight operations. Therefore this
problem is the focus of great attention.

US standards continuously become more strict. So, DO-160C ex-
tends the frequency range for equipment tests from 1.2 to 18 GHz and
the signal level required to evaluate equipment susceptibility from 2
to 200 V/m (hundred fold).

Additional requirements for high-intensity radiation field (HIRF)
have been developed for systems which perform "critical functions”.
These requirements are specified in CRI-SE-10.

For this purpose the rig tests are introduced to test susceptibility
to HIRF with a level of 100 V/m within the range from 10 kHz to
18 GHz.

Now the Institute is developing special test rigs to provide these
new test types. Thermal chambers and corn chambers are manufac-
tured to satisfy these additional requirements. The NIIAO test rigs are
currently being certified by the State Standard Committee. This work

will be completed in the third quarter this year.
The paper on EMC certification will be presented in the Aircraft
Equipment Committee of the Conference.

Power Input

To determine the compliance of equipment with airworthiness
requirements it is necessary to carry out 8 test types {fig. 9):
e voltage variation;
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frequency variation;
surge voltage;
voltage modulation;
ripple voltage (DC);
transient voltage;

e power interrupts;

e voltage spike.

® & o & o

Certification is conducted to show compliance with App. 8.1.5,
which practically conforms to DO-160C.

NIIAO developed and operates a special test rig. The purpose of
the rig is to change the characteristics of power input to equipment
under test within the limits specified in the equipment performance
standards, i.e. to change voltage and frequency and provide power in-
terrupts, voltage spike and surge voltage. The test rig is not compli-
cated, but only a few design bureaus have such test rigs. Many sys-
tems of the KSPNO were tested at the Institute's test rig. The industry
does not provide the serial production of these test rigs.

Although power input requirements have been valid for many
years, they are not always met by equipment developers. Aircraft
equipment often does not withstand power interrupts and voltage
spike. Computer memories are especially sensitive to power interrupts
and many microcircuits are unstable to overvoltage.

10 systems of the KSPNO do not meet power input requirements.
They are not resistant mainly to power interrupts. Equivalent confor-
mity is achieved by providing power supply from the portside and
starboard power-generating systems that reduces the probability of
power interrupts to a level required by the equipment performance
standards. So, the problems remain and the developers of aircraft
equipment should focus their attention on solution.

The test rig intended for testing equipment power input is incor-
porated in the NITAO test center. This problem will be also discussed
in the Committee.

Lightning Effects

Lightning resistance requirements are specified in NLGS-3. So,
"when lightning current flows through the aircraft structure, func-
tional systems and units must have no failures or false operations
which can lead to an emergency or catastrophic situation". '

Equipment may be tested only on aircraft where discharge cur-
rent is applied. According to the design cycle this event happens
when an aircraft has been already built and equipment is available in
developmental prototypes as minimum. If test results are negative,
time required for retrofit is not left. Therefore, lightning resistance is
determined using calculated estimates and in some cases tests are
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carried out at special test rigs. The following estimation procedure is
used.

The General Designer of an aircraft specifies safety-critical sys-
tems. One of the four equipment categories is determined depending
on installation locations in the fuselage (fig. 10). Then the effect of
rated voltage pulses (3 waveforms) on equipment inputs is estimated.

The Institute developed a special program which enables the re-
sistance of electronic components of input devices to voltage pulses to
be determined on the computer using the data on their circuits and
electric parameters, and a weak component to be detected which can
be replaced or protected from overvoltage.

Equipment retrofitted based on estimation results can be tested,
if necessary, at a test rig with applying specified pulses to equipment
input. Such a test rig is owned by the Flight Research Institute.

Lightning resistance is finally proved on aircraft during lightning
protection tests. If an aircraft passes lightning protection tests before
equipment is tested, voltage measured in an equipment installation
location rather than rated pulses is used in calculations and rig tests.
There are also means which can be used to protect input devices of
equipment from voltage pulses. The effects of lightning strikes can be
severe, even catastrophic. The paper on lightning resistance of equip-
ment will be discussed in the Aircraft Equipment Committee of the
Conference.

Explosion Proofness

Explosion and spark proofness requirements are specified for
separate types of equipment that may come into contact with fuel and
its vapors in compartments and evolves, while operating, energy
enough to cause ignition of a fuel-air mixture or produces sparks.

Test requirements are specified depending on environments
where equipment is installed and operates. The requirements are as
follows:

Equipment should be designed so that if an explosive mixture
penetrates in it, equipment is capable to confine fire inside without
case destruction, or should be hermetically sealed. And if equipment
produces sparks, spark energy must be so low that the ignition of the
mixture at a specified concentration be eliminated.

Special test procedures and complicated test rigs are used, par-
ticularly test rigs of research institutes of mining industry.

As a result of testing the systems of the KSPNO for compliance
with NLGS, all systems included in the KSPNO were certified before
installation on aircraft, but 18 of these systems demonstrated equiva-
lent compliance (fig. 11) with separate requirements, principally EMC
and power input requirements.

96




PLENARY SESSION

Fail-Safety

The objective of all efforts of equipment and complex certifica-
tion is to provide safe operation of aircraft. Therefore. the work aimed
to prove fail-safety of the complex is the most important in the certifi-
cation process. This is a very complicated, labor-and time-consuming
work in the process of which it is necessary to show that any single
failure or failure combination will not cause a catastrophic or compli-
cated situation more ofien than specified in the specifications and
standards.

Since the KSPNO consists of three tens of systems, each system
containing hundreds of electronic components, and interfacing com-
plex systems perform tens of functional tasks, and the complex is con-
nected to a number of interfaced systems, the determination of fail-
safety becomes problematic and requires a great amount of efforts.

At present the following procedure of fail-safety determination is
used (fig 12):

I stage: fail-safety of systems included in the complex is de-

termined.

II stage: functional and multifunctional failures are analysed.

The number of failures is 100 to 200.

The types of failures are 300 to 1, 000.

The number of failure combinations is several millions. Manual
selection of all failures and failure combinations is impracticable. Only
individual failures selected using expert estimates were analysed. Va-
lidity of estimates was inadequate.

Now, NITAO has developed software which enables all possible
conditions of the complex, including various combinations of compo-
nent failures, to be searched considering one, two and three failures
both top-down from functions and bottom-up from systems and com-
ponents (fig. 13). If the number of failure types is 400, conditions un-
der estimation are 10 million.

While estimating CPNK-114 fail-safety in enroute flight, the
number of conditions with hardware failures was 2.7 million and the
number of complex failure conditions for which the probability ex-

ceeds 107° was 110.
The result of functional failure analysis is determining:
e a list of functional failures;
o failure modes;
e failure representation;
e failure probability;
o classification of abnormal situations;
e recommended crew actions.
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The functional failure analysis results in detecting the most haz-
ardous failures to be tested by an integrated test and simulation rig
(ITSR).

ITSRs were made by the Institute for particular aircraft such as
IL-96-300, Tu-204, IL-114.

The configuration and performance of a ITSR is given in fig. 14.

The test rig contains:

e a cockpit mock-up with real hardware, including an informa-

tion display system;

e an aircraft control system with real load;

e a computer system on which an aircraft model and a KSPNO

system model are implemented;

® a visual situation simulator;

e system simulators;

e a rack for installation of KSPNO units;

e test instrumentation.

The test rig is used to develop an avionics complex with soft-
ware, to train test pilots and determine fail-safety in the certification
process. Failure effects are assessed and recommendations for crew re-
actions to failures are developed. The recommendations are evaluated
by test pilots at the test rig. A part of hazardous and complicated fai-
lures are tested in flight on aircraft.

The ITSR is a unique, complicated and expensive facility with
wide functionality. For example:

Number of simulated channels

1.  Output: bipolar code 144

discrete 152
analog 10
2. Input: bipolar code 26
discrete 52
analog 10

Recorded information: 14000 kB.
Number of received signals: bipolar code 150
discrete 200.

Reliability of Complex Systems and Equipment

Reliability is estimated in the development process at the stage of
preliminary design using available A-characteristics of elements and is
refined at the stage of detailed design.

The estimated characteristics of reliability are used for analysing
functional failures of complex systems and equipment.

The A-characteristics of elements are corrected depending on the
operation conditions of equipment (environment and load) to improve
the validity of estimations.
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Laboratory reliability tests are carried out to obtain experimental
data on a reliability level before full-scale production and operation.
These tests are of long-duration and expensive that results in great
problems in test management.

Considering these circumstances, NIIAO developed an original
procedure of reliability cycle tests. The procedure is briefly as follows
(see fig. 15):

e specifying equivalent effects on equipment that replace

1 year of operation in specified conditions (cycle);

e estimating the number of test cycles as a function of system

reliability and the power of forcing environmental factors.

The procedure of generating an accelerated reliability test cycle
is as follows:

e determining external environmental factors;

¢ specifying a test level for each environmental factor;

o selecting a test procedure and specifying the exposure time

for each factor;

e determining the duration of a cycle;

e determining the coefficient of test acceleration.

Test levels are specified to be higher than in operation, but such
that the limit of equipment stability be not violated (sometimes special
tests are performed for this purpose).

Non-informative effects (aircraft parking, cruise flight at a flight
level) are replaced by forced effects.

The following is taken into account in generating the element or
cycle equivalent to 1 year:

¢ number of flight hours per annum,;

e number of takeoffs/landings;

e climatic area of operation;

¢ number of equipment on/offs;

e variation of supply voltage (50% V, 25% <V, 25% > V),

¢ mechanical and climatic effects on equipment.

Experience of estimating test cycles enables the acceleration to
be provided that is 20-30 times as high as in real operation (by the
calendar) and the before-operation estimate of reliability to be ob-
tained and used for modifying equipment and determining a kit of
spares and repair techniques.

The procedures are widely used for tests of military and civil air-
craft equipment, and show the good convergence with results of de-
signed operation and cost effectiveness. A great amount of tests were
performed using the Institute's test rigs. The CAD system is available
for developing a test program and determining a test cycle.
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Software Certification

The role of software (SW) in digital avionics complexes is in-
creasing. The size, complexity and labor consumption for SW deve-
lopment is growing and now come to hundreds of man-years.

Naturally the costs of SW development grow and now in a num-
ber of cases exceed the costs of hardware development.

SW quality insures the correct operation of systems and comp-
lexes and directly affects the safety of aircraft operations.

A SW level is determined in criticality by the system effect on
flight safety.

A SW level specifies a list of required checks, test operations,
and testing.

The highest requirements to SW testing for the 1st level are:

e determining the compliance between the system requirements

and the SW requirements;

¢ determining the compliance between SW design and code;

e testing SW modules;
e testing the cooperation of SW modules;
e testing the hardware and software operation.

Testing is carried out at special programmers' workstations. The
cooperation of SW and HW is tested by the developers' test rigs and

NIIAO ITSR.
The KSPNO SW was certified by NIIAO for IL-96-300 and Tu-204

to substantiate the compliance with App. 8.1.6 developed by the Avia-
tion Register WG-23.

Currently SW is being developed for new integrated avionics
complexes of the Be-200 and Tu-224 aircraft in the cooperation with
AlliedSignal, Inc. (USA) and Sextant Avionique (France).

These activities encourage the improvement of the basis required
to harmonize Russian and Western standards and to bring the up-to-
date technologies of SW development to a commercial level.

This year a document which replaces App. 8.1.6 and is in com-
plete agreement with DO-178A and a document which agrees with
DO-178B based on the experience in the certification of the integrated
avionics complex for Be-200, will be issued.

Thus, by considering a specific example of certifying a digital
flight control and navigation complex, the amount of testing, neces-
sary test rigs (over 25), standards for which equipment is tested, and
test procedures have been shown.

These problems will be discussed in more detail at the sessions of
the Committee.

Now we are going from NLGS-3 to Aviation Rules (AR) which are
harmonized with FARs. The procedures testing practically are not
changed, but test management, responsibilities and document titles
are modified.
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COMPLEX OF
STANDARD DIGITAL FLIGHT CONTROL AND
NAVIGATION EQUIPMENT FOR
IL-96-300 AND TU-204

i e offoll e

IQJCDQQQO -

e
Aaenni

5] Cm T O i) o) () fﬁ[LjfL

PURPOSE:

Complexes of digital flight control and navigation equipment
for trunk-route passenger aircraft 1L.-96-300 and TU-204 are designed
to improve flight safety and regularity of operations on domestic and
international air routes under IFR conditions, to provide future
separation requirements and approach and ICAO Cat Ill automatic
landing.

BENEFITS:

o increased number of functional tasks
e improved reliability

» simple reconfiguration

» decreased crew workload

s reduced operational costs

Fig.1

101




PLENARY SESSION

¥02 ‘00€-96-ONdOSH X3 T1dINOD

NOILVOIAVN ANV TOHLNOD LHOIT4 40 WWVHDVIQ 2019 Z'6i4

= 7 R 7 R -
- . -
| TS I ?EJ SeHid | {og: so-ad ||| sz | {f oo weca o |crama} |l sed08 |l seom
* .
“ ad | i ] iy =’ A d Vo ¥
_L A0 M H TL_ L Hewe L hioge _ MaS | uwde
| ”
J
420 | i g !
| Do - y
| ¥-81MRD 8».0.«8_ IV
_ _
o e
” o u
| PRV [smiens “ : S8-OV3D t G4 Mo
_ N ,
] QEQUB!_ Mﬁ il - ! X ﬂ _ S8-01d W ———

_ - - 3. —r _‘I' II#
|| 20w |l - | Jnent | |
“ o " 59-1R09 59-UADS 58-YED ST 58-008 || wianeo 1oy “
_ TR0 | = .- %:o“ | [ ae |

MV 309 1S4 1 : : ~
8- L ! T woevwi
_ YO oo . : ] araoe 1| St | |
” | it 36-omuau | |
“ m TR | || f_Yoeoi09 w
: 20uH 20U |
) #EB90 Ty
P oo ﬁuasﬁw I waiow “
__ IMHVEOURAOID | =) OHit e 2 @ O:@:@ ~ N OH: " |
JOHL3UONVD N A ARG o) IMHVEOTAR0SD |
L "= L : 194091l uzzm&mac @ | meusas

102




PLENARY SESSION

FLIGHT PLAN PROGRAMMING ~70 ROUTES
NAVIGATIONAL ACCURACY
ENROUTE (IN RB ZONE) 1-2.5 km
REFERENCE - FREE 1.85 km/h
LAND AND NORTH ATLANTIC
APPROACH ZONE 1-2 km
CIRCLE ZON.E 0.7-1.8 km

VERTICAL SEPARATION

300 m, up to H=12 000 m

CRP PASSAGE TIME ACCURACY

0.9 min at a distance of up to 200 km

DESIGNED MTBF FOR SYSTEMS AND ~5 000 h

UNITS

READINESS TIME 15-20 min

MAINTENANCE by condition

TEST COVERAGE ~0.95

MEAN TIME TO RECOVER 15-20 min
0.3 MH/FH

SPECIFIC WORKING HOURS OF
MAINTENANCE
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POWER
ltem | SYSTEM NUMBER | WEIGHT |SYSTEM | T, TEST ACCURA- | DIMEN- | CONSUMPTION
OF OF UNIT |WEIGHT |HOUR COVERAGE |cY SIONS |115VAC, 400Hz
UNITS kg kg 127vDe
FCC 3 12 6000 150:3
FCS 42 =109 L]
! erl 1 16 11000 Pro=10" 75
cC 2 15 00
2 |FMs 43 0.99 s 170x2
cou 2 [+ 500
TCC 2 5 500 150x2/25
TCS Tep 1 2 42 11500 0.9/0.95 s
WS 1 10
4 | SINS 3 20 60 5000 0.9/0.65 AR704 10 200x3/180x3
5 |ADS 2(3) 7 14(21) 10745 0.5/0.95 AR706 4 50x2(3)
TR 3 ] .85
6 |RA 204 500 AR707 3 50x3
ANT 3 0.8 0.95
TR 2 15
7 |wWNR 40 2000 0.85 AR708 8 200x2
ANT 1 118
INTER ] 8
8 DME 16.6 5000 0.99 ART09 4 100x2
ANT 2 0.3
RECALS 3 5 3
9 ILS RECLS 3 1 206 5000 0.59 ART10 1 50x3
ANT 1 26
REC 2 5 3
10 |VOR 12.9 5000 0.99 ART11 50x2
ANT 1 29
REC 2 38 2
11 |ADF 194 3000 0.95 AR712 40x2
ANT 2 5.8
Aircraft RESP 2 6 4
12 | Transponder 2 2000 0.9/0.95 ART18 12022
RESP 2 ] 4
ANT 2 2
13 | RMP 2 9 5000 035 30x2
14 | GPWS i 5 5 6645 0.5/0.55 ARTZ3 2 30
sG 3 9 ]
45 |EDS oy 4 14 85 500 0.8/0.95 ART25 1290
cP 2 15 Tos14x1077)
REC 3 6 4
16 |MLS 18 5000 Pro=10-6 ARTYT 40x3
ANT
17 | Aircraft 2 2 4 5000 ART31 410x2
Clock
18 | FEPS 2 3 12 5000 0.9/0.55 4 100x2
19 | SRNS 2 30 60 510 200x2
20 |LRNS 1 13 13 5000 0.9/0.95 [ 130
31 | OMS 1 12 12 5000 0.9/0.56 6 %
CoMpP 1 10 4
22 |Tcas 30 5600 0.99 ART30 310
BEARING 1 15 s
UNIT 1 5 3
UNIT 15
23 |SNs 1 18 5000 0.8/0.95 ] 150
ANT 1
24 | RMI 1 35 35 5000 0.9 50
25 | GH 1 25 2.5 5152 0.9 6/40
104




PLENARY SESSION

Test types for
aircraft equipment
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Mechanical effects
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Climatic effects
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Electromaqgnetic tests

N Test Testrlg

1 . 'Generatlon of mterference voltage and 1 Generatlon of tnterference in. B
current in pOWerlmes S T R

2 Generation of mterference current m
- |transmission lines

'3 |Generation of electrlc‘:intenmty of |2 Generation of electromagnetlc
= mterference electromagnetlc fleld o {field’ bvamng and cases of alrcraft
‘ L equrpment ’ ' : S
4 |Susceptibility'to magnetlc effects on 3. Susceptlb:hty to 400Hz flelds

enclosures of aircraft equlpment _

5 Suscegtibilityvto'a'udio‘-,fr‘e’qu‘ency'rnagnetic 3. Susceptibility to'40'OHi.f|;eblds“:
’ ‘fieldsfindUCed into interconne'cting*cables B R A A

6 Suscegtlbllltx to electric fields mduced into’ 3 Susceptlblhty to 400Hz flelds
L mterconnectmg cables’

T : Susceptibility to fields mduced mto |4 Transrent flelds susceptlblhty
- interconnecting cables o : -
8 8uscegtlb|ht1to radlo-frequency . »5 Radno-frequency susceptlbmty

_.Jinterference radlated and conducted in_
- ipowerlines. :

9 5suscegt|bal|t1 to: audlo-frequency e Auﬁiogffe'quencyl‘s’u’scept_i_bi‘l‘ity'"-'.‘.»
. linterference conducted in powerlmes ST G L

10 - | Susceptibility to radio-frequency . . |5.Radio-frequency susceptibility =
~ . |interference radlated and conducted m Dol R L

{transmission lines -

11| Susceptibility to the’ effects of radlo- e Radi frequency magnetlc field
T frequency magnetlc flelds on enclosures of -susceptlblhty-‘, o
“ Jaircraft equipment s e L

12 Suscegtlblllty to the effects of radlo- o8 Radlo-frequency electromagnetlc
|frequency electromagnettc fields on' - fleld susceptlblhty R

enclosures and interconnectic wmng .
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Power input parameters

Ne |Test types (effects)
1 |Voltage (frequency) steady state 108,119,102,124,97,134 VAC
380,420,370,430 Hz
24,29,418,31,21,33 VDC
2 |Surge voltage (AC) Ktotal = 8%
Kharm = 5%
Kam = 1,41+0,15
3 [Voltage amplitude modulation (AC) Kam = 1%
4 |Ripple voltage (DC) +2 V(7. 4%)
5 |Transient voltage AC
160 VAC 180 VAC
0,1s ]73
60 VAC 0 VAC
DC
40(70) vocc})’1 345(80) vDC _] 7
13(8) VD 0 _VDC
6 {Power interruptions 80 ms, normal operation
7 s, abnormal operation
7 |Voltage spike +600V  2-10ps
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AMPLITUDES AND RATED LIGHTNING VOLTAGE
PULSES
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Item | System Equivalent copliance
mechanical| climatic ;::;«:tr EMC i;:::;a:ments

1 n-42-1c ‘
2 FCS
3 TCS
4 EDS
5 FEPS
6 sl | ] .
7 Vsl
8 |PITOTUBE
9 FMS
10 ILS
11 VOR
12 DME/P
13 SRNS
14 TRANS-

PONDER
15 “ASTRA"

antenna

feeder

system
16 WNR
17 LRNS
18 ADF
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PROCEDURES OF ACCELERATED EQUIVALENT
CYCLE TESTS FOR RELIABILITY OF AIRCRAFT EQUIPMENT

Ml 150 - 88
PURPOSE ¢ detect design, technology and production defects
« evaluate the characterishics of reliability and life
s determine if it is reasonabls to apply technological
accomodation
FEATURES ¢ one test cycle is equivalent to one year of operation
o offects are forced within the limits of environmental resistance
IMPLEMENTATION + simulate the combined environmental exposure and operation
o simulate the successive exposure and operation
STAGES s preliminary tests (prototypes)
« qualification tests (lot products)
» type tests (lot products)
EFFECTIVENESS ¢ acceleration by 2-10 times for running time
+ acceleration by 10-20 times for calendar duration
RESULTS o over 540 types of aircraft equipments were tested under
Mi 150-88
o the criterion for convergence of test results and operation data
was satisfied with 66%
GENERALIZED DISTRIBUTION OF FAILURES
ENVIRONMENTAL FACTORS TEST CYCLE CAUSES
30 |
20}
10_}.
?:F
22 S
a2 % 123 45678
v i test cycle
METHANICAH
SCOPE Methodical instructions (MI) carry over to electronic and electric
equipment
ADDITIONAL Based on MIi 150-88, Methodical instructions for technological
INFORMATION accomodation (Ml 291-87-111) are devoloped
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Top-down analysis

... Specification functions ...
1 P n n=20-40
Failure /
I [ “ 1 typg l
functions n=100-150
|
Functional failure type models n=300-500

... Component failure types ...

... Functional component ...

[ ] [ ] l ] [ 1...Electroniccomponents... [___J

VAR |

. Units ...

... Systems ...

\ ——— /

Bottom-up analysis
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QUANTITATIVE
FACTORS

¢ All systems included in
the complex

¢ System failures: 100-200

¢ Types of system failures:
300-1,000

¢ System failure conditions:
several millions

0 Types of failures: 30-40

¢ Number of failures: ~10

SEQUENCE
OPERATIONS

<

~ENGINEERING

Y
. ANALYSIS OF .
FUNCTIONAL AND 0
'MULTIFUNCTIONAL
FAILURES OF 0
' COMPLEX

-SIMULATION OF
FAILURE
CONDITIONS

IN FLIGHT CHEEK_

OUTPUT

Characteristics of system
safety

List of functional failures:
-fallure modes
- failure representation
Estimation of failure
probabilities
Classification of abnormal
situations
Recommendation for crew
actions

Evaluation of failure
effects by testers (pilots)
Revised recommen-
dations for flying fo react
against failures

List of complex failures to
be tested in flight

Revised
recommendations for
flying with complex
failures detected to
provide flight safety

FIG. 15 DETERMINATION OF FAIL-SAFETY FOR A FLIGHT
CONTROL AND NAVIGATION COMPLEX
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Structure and Strength




SECTION 1

DISTINCTIVE POINTS OF RUSSIAN REQUIREMENTS
TO AIRPLANE STRUCTURE STRENGTH

0.5.Bykov
TsAGI, Zhukovsky, Russia

The intention of the Russian aircraft industry to come into the
world's markets raises the problem of comprehensive unification of the
Russian Civil Airplane Airworthiness Requirements (the NLGS) with
similar regulations in effect in other countries: the USA (FAR) and
Western Europe (JAR). With this in view, the Russian Aviation
Regulations, AP-25, have been developed; these closely correspond to
the FAR in respect of composition and contents of most items.
However, the AP-25 requirements have a number of notable
differences from the FAR that were derived cut of the Russian
experience in designing the aircraft. These differences are the subject
of the report.

Fig. 1 represents schematically the n—V diagram for maneuvers
which must be considered in structural analysis. The points I, I, I,
and IV here correspond to the complementary provisions included in
both the NLGS and AP (and not observed in FAR and JAR):

I point depicts a combination of the maximum negative load

factor and the flight speed V,, (FAR specifies the load factor
to be zero at the speed V),
II point is characterized by a combination of the 1.5g

acceleration, the speed V., and a complete deflection of
ailerons for takeoff/landing configurations (FAR does not
consider this case);

IIT point is for a combination of a zero load factor and the speed

V. in takeoff/landing configurations and defines the negative
load on a slat (formally, the FAR does not require such
situation to be considered);

IV point: ‘a 2g acceleration, the speed corresponds to the
maximum normal force coeificient of the airplane configured
for takeoff or landing (FAR does not consider this case).

Our experience shows that these requirements, as a rule, do not
cause notable intensification of loading conditions but can improve
flight safety for certain airplanes.
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The criteria envisaged in the FAR for determining the loads at
the "checked manoeuvre" in the vertical plane seem to be obsoclete
because they do not allow features of the airplane motion dynamics to
be taken into account, including airplanes equipped with automatic
control systems. However, instructions in our Civil Aircraft
Airworthiness Requirements dealing with pilot efforts during such a
maneuver are unnecessarily sophisticated. Therefore the decision has
been to adopt the conditions specified in the ICAO Airworthiness
Technical Manual; they result in a similar level of loads on the tail
unit. As well, such kind of conditions may be seen in JAR.

Design criteria for a maneuver in horizontal plane

Main feature is the fact that the FAR (JAR) propose the rudder to
be returned to the neutral position after the angle of sideslip is at its
steady-state value, whereas AP considers the maximum angle (attained
due to dynamic effects). The latter slightly increases vertical stabilizer
loads, the increment being greater for high-altitude flights (see fig. 2).
However, mounting a simple damper of yaw motion can reduce the
dynamic effects in the angle of sideslip, thus reducing the loads.

It should be noted that, although FAR specifies lesser lecads on
the vertical tail during a maneuver in the horizontal plane than those
in the AP, the FAR comprises an unnecessarily sophisticated
procedure:

— if a rigid-body motion of the airplane in yawing is described
by more than two degrees of freedom then it is difficult to
establish the steady-state sideslip angle. The implicit
techniques prescribed for these cases may "spoil” the airplane
loading model,

— as for an "actuatorless” control of an airplane in yaw, the FAR
requires the pedal force to be kept constant, whereas the AP
prescribes maintaining the Initial deflection of the pedal.
With this, the FAR-obeying analysts should assume the pedal
(and the rudder) to deflect to a larger angle as the sideslip
angle becomes larger. In this case it is difficult to establish
the steady-state angle because the rudder deflection notably
varies in time. Such situation prevents application of
simplified methods for loads analysis -—— whereas the yaw
motion provided in the AP is easily analyzed with simplified
methods. Also, one can see that a ratio of vertical-stabilizer
loads from the AP and the FAR for an airplane with
"actuatorless” control may be much less than the sideslip
angle overshoot.
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Unsymmetrical loads after engine failure

FAR and JAR consider failure of any one engine only. AP
postulates the four-engined airplane to survive simultaneous or
consecutive failures of two engines (depending upon probability of
these events) at one side of the airplane; this is in agreement with the
requirements written in Section "B" ("Flight") of both the FAR and AP.
In this case, FAR (and JAR) assume that the pilot begins to
compensate the yawing already when the maximum rate of yaw is
achieved, whereas AP assumes these efforts to be applied later, only
after the maximum angle of sideslip is attained. Thus, the provisions
of AP seem to better cover the situations which are likely to occur in
operation. In addition, AP assumes that the loads applied to the
airplane after the one-sided engine failure, are considered to be the
limit loads irrespective of causes of the failure, while the FAR suggests
these loads to be uitimate ones. All Norms incorporate special
provisions aimed at minimization of a probability of a catastrophic
result after a damage to the airframe from uncontained fragments of
an engine; in this light, the assumption of an airframe failed due to
setting the airplane at the maximum design angle of sideslip seems to
be illogical. Once emergency situation takes place, AP prescribes this
factor of safety to be 1.25 (with respect to the maximum loads likely to
occur at engine failure) in AP.

As for the ground handling load requirements, the AP-25
FAR-25 (JAR-25) are compatible in many respects. However, two
essential differences should be noted. The first of them is to
standardizing the values of the vertical speed at landing. As is known,
both the FAR and the JAR-25 specify this value independently of
parameters of both the airplane and the aerodrome — 3.05 m/sec.
According to AP, this speed (which should be used for designing the
shock absorbers) is considered a sum of:

— the vertical component which the airplane has at instance of

touchdown and

-— an additional vertical speed induced by a rolling of airplane

landing gear wheels over the uphill of a local bump.

In this case, the first summand (the augend) depends on the
airplane only, whereas the second summand (the addend) depends on
both a degree of roughness of the airstrip and the airplane landing
speed. According to the simplified relation given in the AP, the slope
of the local bumps referenced to a 10— 20 m length is equal to 0.025
for paved airfields, so the design value of the vertical sink speed can
range from 2.8 to 3.5 m/sec. Using the results of flight tests on various
types of aircraft, a probabilistic analytical model has been developed
employing a spectral description of the bumps on airfields. fig. 3 offers
the results of the computational analysis by this model for the [1-96
and A-310 airplanes, assuming two spectra of bumps; the parameters
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cover the range of actual characteristics of civil airfields in the
Commonwealth of Independent States. These data (considered as the
first approximation at a probability of 2+ 107% confirm the design
values of the vertical sink speed and are indicative of great
significance of the bump characteristics.

The second feature of the AP-25 as compared to the FAR in
concepts for ground handling loads is in specifying the requirements
with respect to landing gear loads for a takeoff ground run. As is
known, Section 25491 of the FAR contains general provisions only.
The AP comprises relations for determining the loads caused by a
takeoff run on a paved airfield; the formulae are close to those in
CCIO-1, an annex to JAR-25.

Much attention was paid by the NLGS to dynamic application of
load during bumpy-air flights. Unlike FAR, we consider both the
discrete air bumps and the continuous atmospheric turbulence. For the
lIatter case, use is made of the envelope. In the two cases, loads should
be referred to a standardized load factor for the airplane center of
gravity. Namely, gustiness for an elastic airplane should be assumed
such that the center of gravity of an elastic airplane were subjected to
the prescribed load factor. This procedure relates definitely the
requirements for rigid and elastic airframes. However, the procedure is
unacceptable for an airplane with an active loads control system
because the simplified equation is not capable of accounting for
features of this system.

In addition, a statistical analysis of the in-service data on
repetition rates of load factors on domestic transport airplanes (fig. 4)
performed over the total amount of more than 1.3 million flight hours
indicates the following. The ratio of the load factor expected during
50.000 flight hours in total for an airplane (the probability of 2+ 1077, as
is normally assumed for determining the limit loads) to the design
value required by the NLGS is 0.61 in the mean, rather than 0.67 as
the safety factor of 1.5 dictates. Thus, there is a basis for:

— decreasing by 10% the limit values of the load factor

accounting for the gust effects,

— decreasing the gust intensity values by 12— 16%, and

—- getting nearer to the requirements of JAR.

In this connection, and to match the regulation of many
countries, AP-25 includes the JAR requirement concerning with
dynamic loading due to a discrete gust -—— the tuned gust. Although
the magnitude of the tuned gust is less than that in the NLGS, a
frequency of the tuned gust may in some cases be adjusted so that the
dynamic loading can sometimes be pronounced more clearly than due
to the NLGS-prescribed gust.
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Freedom from aeroelastic phenomena

Requirements of AP with respect to flutter, divergence, reversal of
controls are close to those in the FAR. However, the AP incorporates
an additional item (not seen in the FAR): the aeroelastic stability of an
airplane with an automatic control system (ACS) must be
demonstrated. The challenge is known to consist in the danger of
aerodynamic and inertia-related interaction of the airframe and the
control surfaces (and, in some cases, danger of interaction of the
mechanical control linkage). The AP requires the margins to be
provided in both the absolute value and the phase of the frequency
response function of the "airplane — ACS" system open loop; these
margins must be demonstrated by analyses, by ground tests on a full-
scale airplane, and, in certain cases, by flight tests.

Also, AP incorporates special requirements with respect to
freedom from shimmy which is not present in the FAR. The safety
must be checked by analyses, by tests on impact testing machines,
and/or by flight tests.

The AP-25 requirements with respect to airframe fatigue
resistance are almost identical to FAR requirements — except for the
safe life time determination approach that corresponds more closely to
Russian practice. Differences and features in showing the airframe
service life capability are reflected in Means of Compliance
documents: MOS for the AP, AC for the FAR.

In particular, MOS requires the full-size structure to be tested for
fatigue life capability and damage tolerance; MOS (unlike AC)
contains a set of reliability factors to be involved to extrapolate the
test results for specifying:

—- the inspection threshold and the inspection interval, as well

as;

— the safe life time in compliance with endurance requirements.

One of major differences between MOS and AC is seen in the
methodology of systematic monitoring of safety with respect to fatigue
damage accumulation in service. MOS stipulates a stage-by-stage
specification of currently allowable service intervals. Before reqgular
operations an initial allowable service interval is established. As time
goes on, data from the most intensely operated airplanes in the entire
fleet are used to establish the next interval, account is taken of the
maximum design service duration, but airframes may be used beyond
the design-stage estimates. A typical length of a service stage is 5 to
10 thousand flight hours. Each new ("prolonged") stage duration is
specified on the basis of:

— refinement of mission types and operating conditions in the

fleet;
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-— refinement, where necessary, of load levels for some airframe
parts by means of special flight tests;

— accumulation of statistical data (from on-board recorders) on
relative frequencies of center-of-gravity load factors;

-— results of additional laboratory tests for endurance and
damage tolerance (including testing of structures flown for a
long time};

-— experience in operating the airplanes of the particular type.

Summarizing the abovesaid, we can conclude that the new
Russian airframe strength standards, AP-25, are close to those of FAR
in both the principles and the essence. However, certain provisions
follow the more clear and partly more stringent items of the former
USSR Civil Aircraft Airworthiness Requirements, the NLGS.

With this, the FAR's requirements are met almost completely;
simultaneously, the airworthiness/safety levels characteristic of the
previous Russian airframe strength standards are kept.
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THE UP-TO-DATE PROBLEMS
OF AEROELASTIC EXPERIMENTAL RESEARCH

G.A. Amiryants, V.I.Dovbishtchuk, P.G.Karkle, A.V.Krapivko,
V.N.Popovsky, E.LSobolev, K.S.Strelkov
TsAGI, Zhukovsky, Russia

Solving aeroelasticity problems is essential part of certification
procedures in civil aviation with respect to structural strength. There
are two major objectives of solving these problems. One is to issue
recommendations for optimal structure configuration. The other one is
to confirm the existence of appropriate aeroelastic stability safety
margins according to Airworthiness Requirements.

The following fields of investigations can be considered within
the framework of general aeroelasticity problems:

— flutter, buffeting, vibrations at transonic speeds;

— aeroservoelasticity, ie. coupling between structural aero-
elastic vibrations and operating control system;

— static aeroelasticity, including aileron reversal, divergence,
control surface efficiency etc,;

— shimmy of landing gears.

Comprehensive experimental research is needed to solve the
problem successfully. The basic type of investigations is modeling of
aeroelastic phenomena in wind tunnels. Results are used either to
understand the physical nature of considered aeroelastic phenomena
and to correct analytical models or to obtain data related to particular
aircraft type. According to our experience of many years, such
investigations are considered as the foundation in issuing formal
conclusions regarding aeroelastic stability.

Experimental investigations include:

— design and manufacture of dynamically and elastically scaled
models for wind tunnels;

— ground vibration testing (GVT) and stiffness measurements of
models and full-size airplanes;

~— experimental measurements of frequency response functions
(FRFs ) of control systems and their elements at test benches
and GVT of full size aircrafts with operating control system;

— model tests in wind tunnels;

— ground vibration and dropping tests of landing gears as well
as shimmy tests on rotating drum.

The state-of-the-art in solving these problems is briefly described
below in the present paper.
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FLUTTER

The experience of many years of flutter investigations has
resulted to date in creation of complete system of experimental
research and computational analysis, which makes it possible to obtain
the values of critical tlight parameters with appropriate accuracy and
to issue recommendations for structural optimization to increase
critical flutter speed. Lately, the major TsAGI efforts has been
concentrated in the following directions:

1. Progressive development of analytical methods intended not
only to get higher accuracy of results but also to reduce the scope of
expensive experimental research.

The main items here relates to usage of update computers,
complicated analytical computational models, knowledge from the
previous experience, integration of tests and analysis. Mathematical
models are specified step by step at the basis of experimental resulis,
while tests are conducted for most critical configurations derived from
analysis.

2. Upgrading of design and manufacturing procedures of models
for wind tunnel tests and broad usage of composite materials with
high elastic moduli for models of this kind.

To simulate the full-size structure properties as better as possible
remains the main goal in manufacturing the models. This is provided
for by means of intermediate verification tests (GVT, stiffness and
mass measurements) of models and their parts at the stage of
manufacture. The obtained results are used to correct analytical
models, and this allows one, from one hand, to find out possible
discrepancies between model for tunnel tests and full-size airplane
and to introduce changes into the model structure and, from the other
hand, to plan wind tunnel tests in advance.

To reduce the number of tested models is also a very important
item especially for design bureaus under the lack of material
provisions. Two ways may be considered to solve the problem. The
first one is to use the same model for different tasks. For example,
flutter model may be taken for aeroservoelastic and static aeroelastic
investigations as well as for buffeting tests. The second way is to
reduce the number of models used for studying the Mach number
influence on flutter (it is impossible to simulate explicitly all
aeroelastically-scaled flight envelope in transonic wind tunnel using
one model only). The solution of the problem may be based only on
integrated techniques combining experiments and analysis, the last
being based on well verified algorithms that give reliable results for
any flight parameters, including transonic ones.

3. Improvement of experimental methods used in wind tunnels.
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The main goals are to eliminate the risk of model failure at
flutter onset and to increase the amount of information obtained in
tunnel tests. Eliminating the risk of model failure results not only in
direct economical benefits but also in implicit ones as it enables to
employ less money-consuming fan-driven tunnels of continuous action
type for flutter tests, which was impossible to do using traditional
experimental technique of direct achieving flutter boundary.

“Non-failure” test mode has required to develop special methods
for flutter boundary prediction based on tests at speeds below flutter,
to use means for on-line model vibration state monitoring and special
devices for model clamping on account of unexpected flutter onset.

The modern data acquisition and processing systems that can
employ a lot of gauges and control shakers to excite models are used
to increase the amount of information gained from experiment. The
most difficult matter corresponds to processing the data disturbed by
noise, reliability of math techniques for solving the problems of
identification and flutter boundary prediction, development of test
equipment to provide for model vibration excitation under flow
conditions.

Thus, the above-described integrated methods of flutter research,
completing together all the works to provide for the aircraft safety and
its certification, has been created and still under way in TsAGI
Division of Aeroelasticity. The flutter problems are described more in
details in the paper by S.Paryshev and others in the present
Proceedings. v

AEROSERVOELASTICITY

All the phenomena related to influence of flight control system
on aircraft aeroelastic performance are the matter of aeroservo-
elasticity. The cooperation of experts in various fields, i.e in aero-
elasticity and flight dynamics is needed to get success, as aero-
servoelastity is obviously the combined complex problem. Regarding
the subject, one can say about the scientific school uniting experts
engaged in development of math models, software, experimental
techniques and methodology of solving pertinent problems for {lying
vehicles of various types.

The following fields of investigations should be noted:

-— providing for the aerosrvoelastic stability;

— evaluation of flight control system influence on aircraft
structure loading and vibrations;

— development of special systems of active control to alleviate
loading, increase vibration mode damping and flutter speeds
and enhance flight comfort for passengers.

Investigations and flight practice evidence that dangerous
self-excited oscillations can occur under unfavorable combination of
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structural inertial, stiffness and aerodynamic characteristics and
control system performance. Sometimes an on-ground dynamic
instability may be caused by pure interaction of inertia loads and
control system performance even at zero flow speeds.

The frequency response method has proved to be the most
pertinent for use in aeroservoelastic research. The method is based on
consideration of frequency response functions of aircraft elastic
structure and control systems. The major advantage here is the
possibility of obtaining FRFs of structure and control system
independently from each other and either by means of experiments or
analysis. Then any of these FRFs may be used to obtain FRFs of
open-loop system for any control channel to get the conclusion about
dynamic stability.

Therefore the principal goal of any experimental and analytical
investigations within the problem is to derive reliable FRFs.

The following types of testing are used:

-— Physical modeling;

-— GVT of full-size airframes, their elements and control systems;
— Flight tests.

The problem of modeling of aeroservoelastic phenomena in wind
tunnels may be solved as follows:

Dynamically scaled (probably for flutter tests) models equipped
with fast-driven control surfaces, small-size actuators, part of
mechanical control circuit, different types of gauges are used. The
control circuit is made in such a way that it does not affect model
stiffness. The movable laboratory with special equipment is used tfo
simulate the on-board part of control system intended to process
control signals. Gust loading may be simulated by cascade of
controllable moving profiles installed at the beginning of tunnel
working section.

The FRFs of analog/digital control systems within the frequency
range of major vibration modes are obtained during GVT of full-size
aircrafts with operating control system. The special test rigs are used
to realize the prescribed oscillations of control system sensors for the
purpose of determining control systemm FRFs considering control
surfaces deflection as output and sensors oscillations as input.

The following tasks are carried out in flight tests:

-— measurement of aircraft structure FRFs under flight
conditions regarding control surfaces deflections as input and
control system sensors signals as outputs;

— confirmation of aeroelastic safety margin stability.

— evaluation of efficiency of active loads alleviation and
vibration modes damping systems.
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STATIC AEROELASTICITY

Experimental investigations are the obligatory part of works
carried out to ensure the safety with respect to static aeroelastic
phenomena such as controls reversal, divergence and static
deformations caused by aerodynamic loading.

The tests are conducted at models of various types — full
elastically scaled models, semi(half)-models and cantilever models. The
following kinds of model internal structures may be used:

-— simplified elastically scaled models for which stiffness
properties are simulated by means of internal frame consisted
of beams or plates made of metals or composites, and which
outward aerodynamic shapes are provided for by covers made
of materials with low elastic moduli;

— structural copies with scaling of main full-size structural
elements such as spars, ribs, skin etc.

Sometimes the models designed for flutter tests may be used also
for tests on static aeroelasticity.

At present, simplified elastically scaled models has gained most
often usage. The reason is that they meet the principal requirements
cn models for aerodynamic tests as they have high accuracy of skin
surface, sufficient strength safety factor and enable to install various
in-model instrumentation. Models parameters are determined by
means of specially developed software. Models are mounted at
six-component strain gauge balance via special duplicated sting
providing for the minimum of model aft-part airframe and outward
geometry distortion. Model angle of attack may be changed by means
of remote control. Pertinent instrumentation is installed to investigate
the influence of structural elasticity on total and distributed
aerodynamic loads and hinge moments and to obtain data on in-flow
model deformations.

The testy results are used for verification of relevant analytical
models at the stage of preparation of formal conclusions on aircraft
safety with respect to controls reversal and divergence.

Models-copies are utilized only for aircrafts with complicated
unusual configurations and airframe structural layouts that are hard to
be subjected to computational analysis and simulating by means of
simplified models.

_ At present, TsAGI Division of Aeroelasticity concerns with
development of unified approach for creating the models made of
composites for any kind of tests (pure aerodynamic, static aeroelastic
and flutter) in wind tunnels at the basis of using the same moulds.
This promises to have more operative, profitable and accurate ways to
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make models that are necessary for creation of modern and advanced
aircrafts.

SHIMMY OF LANDING GEARS

The integrated methodology for development of shimmy-free
landing gears has been developed by middle eighties. Within this, the
computational analysis based on different math models is the most
important matter. The FRFs of landing gears determined in GVT of
gears at test benches as well in GVT of the whole full-size aircraft are
used to tune the math models. The essential nonlinear features of
stiffness and damping properties of landing gears should be taken into
account in developing the test techniques. The tests are conducted
under conditicns of landing gear loading as the last essentially affect
the mechanical properties of landing gears. Various means are used
for the loading. At present, tests of heavy aircrafts are performed with
the aid of special pneumatic supports and light aircrafts are tested
with the aid of pneumo-static supports.

At the first stage of development prior to manufacture of full-size
actual landing gear, the reliable evaluation of safety with respect to
shimmy may be obtained, if parameters of math model are determined
from the tests on rotating drums or from GVT-derived FRFs of tyres.
At this time mechanical modeling by means of dynamically-scaled
model of landing gear is proposed to be conducted.

At the second stage, hese are full-size landing gears that are
mainly concerned with and tested at laboratory test facilities, during
GVT of full-size airplane prototypes and in flight (take-off/landing
runs). Nevertheless, computational analysis remains the principal
matter, and the system "full-size landing gear + test rig " is
subjected first to such an analysis. As the conditions for rolling of
wheels at laboratory tests may essentially differ from those at actual
aircraft operating, these test results are necessary primarily to adjust
the math model of shimmy. The evaluation of various anti-shimmy
means may be also done during laboratory tests.

The accuracy of modeling of stiffness of cantilever clamping of
gear strut in laboratory tests can be assessed on the base of special
GVT of landing gear installed at the full-size aircraft. The 15 %
difference between test facility clamping stiffness and fuselage/strut
interface stiffness is acceptable.

The flight tests of prototype is of great importance in providing
for the safety with respect to shimmy. The flight test results are used
to confirm that landing gear is shimmy-free and to evaluate actual
safety margins in terms of damping. The special means for vibration
excitation of wheels and appropriate data processing systems are
needed.
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GROUND VIBRATION TESTING

The ground vibration testing of models, actual airframes, control
systems and landing gears is especially important constituent of
experimental aeroelastic investigations. These are the results of such
tests that allow one to tune and specify analytical models and
determine the degree of compliance between actual structures and
tested models.

TsAGI Division of Aeroelasticity and Structural Dynamics has
gained the unique experience, methods and modern facilities for GVT
of flying vehicles and control systems.

The available means make it possible to obtain natural vibration
mode characteristics (eigenfrequencies, damping, mode shapes,
generalized masses) of various complicated airframe structures quickly
and with high quality.

The following performance data are determined from GVT of
articles with operating control systems:
— FRFs for different control channels;
— safety margins of closed-loop system “structure -+ control
system";
— validation of on-board control system and computers
operating under conditions of vibrations.

The special movable test laboratories with data processing and
excitation systems, computers and software as well as facilities for
"soft" suspension of tested articles are available for GVT of structures
of any kind with no restriction of mass at any place designated by a
customer.

Finally speaking, these are all the means mentioned above in this
article that enable to provide for aeroelasticity-related investigations
and certification procedures at high level for any aircraft types.
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moveable support and also special flight tests with air structure oscil-
lations.

In the aircraft loads division are determined the loads on the all
airframe units in accordance with the airworthiness standards
requirements, airplane units and landing gears load spectrums (static
and dynamic loads) during flight according to the flight envelope and
also structure service life tests programs forming. One of the impor-
tant department tasks is control over real service conditions, life time
expending rate and equivalents between fatigue life tests programs
and real loading conditions.

In their work the division's collaborators use load analysis
different methods beginning with empirical methods to recount from
analogy and using experimental data on loads (weight and drained
models wind tunnel tests, and loads measured in flight tests), and
finishing with oriented on modern computers mathematical models
(linear and non-linear steady aerodynamics, static aeroelasticity,
spectrum approach and non-steady aerodynamics at the analysis of
elastic aircraft movement through turbulent atmosphere and runway
roughness).

In the division there are special algorithms and programs of data
obtained from objective control tools (MCPIT, K3-63) for aircraft being
in service and static analysis of data on cracks and damages in
service.

Generally design-experimental department is a united collective
of highly skilled specialists capable to decide any tasks of aircraft
strength ensuring on modern scientific and technical level.
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ALTERNATIVE WAYS OF AIRCRAFT STRUCTURAL
TESTING

Ye.A.Shakhatuny, G.G.Ongirsky, A.LSemenets, A.A. Avramenko

Antonov Design Bureau, Kiev, Ukraine

Fatigue and structural tests of full-scale aircraft provide the most
veritable and expensive information on aircraft strength characteristics
and potentialities of their improvement. At the same time, this kind of
testing is the most labour-consuming and costly stage for obtaining
strength and service life performance of a new plane.

Intention to make structural tests more effective compels us to
revise the traditional sequence of conducting such tests with due
consideration of production rates, flight test schedule and, surely, of
designer's financial status. Usually,the normal order of testing is like
the following:

First prototype: flying;

Second prototype: for static tests;

Third and fourth aircraft: for flight tests;

Fifth aircraft: for fatigue tests.

Duration of flight test period is about 2 or 3 years.
Duration of static tests: one year upon delivery of an aircraft.

Rate of fatigue tests: N 40,000 of laboratory flights per year for
smaller medium aircraft, and N 20,000 laboratory flights per year for
heavy aircraft. Thus, two full-scale prototypes are taken oul from the
pilot batch of aircraft. Later developments that arise out of static and
flight test results are not incorporated into the aircraft structure
dedicated to fatigue testing, peculiarities of serial fabrication process
are not considered, tooc. In fact, damage tolerance is being left out of
investigation scope even when the certification commences. So grave
design blunders, if any, are being discovered late enough.

Modifications and developments are introduced to series aircraft
behind time and without due experimental checks. Moreover,if the
'fatigue' prototype is delivered last in the pilot batch,the fatigue tests
will delay the beginning of certification until the total of operation
hours reaches at least one service life period. Along with time
spendings there are considerable financial expenses, i.e., construction
of two full-size aircraft for laboratory tests, design and fabrication of
two test stands in the period preceding certification require big
investments in short periods.
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To get rid the above-mentioned difficulties, an alternative way of
conducting structural tests is suggested. The main of the suggestion
lies in combination of fatigue tests (within the scope of one design
service life) and static tests in one, i.e. in the first (sic!) structural
prototype (ref. fig. 2}. Data obtained in these tests should be used for
the aircraft certification. Another prototype dedicated to fatigue
testing should be later picked out of serial in the early stage of their
operation.

The suggested sequence of structural tests has the following
advantages:

1. Based on fatigue test results, any further structural

modifications become possible in the beginning of aircraft
series production, thus eliminating modifications and
alternations of already manufactured serial aircraft, deleting
release of additional inspection bulletins.
Conducting static tests after fatigue tests permits to
investigate thoroughly structure's inspectability and to assess
the structure's strength with maximum noninspectable
defects. The static tests become more representative as
comapared with the case when a completely new aircraft is
tested.

3. Fatigue testing of the second prototype is also more
representative since tested is an aircraft produced according
to series fabrication methods. Experience of operation
preceding tests, and accumulated data on  loading permit to
sufficiently specify the test program.

4. Material costs of the project development stage are reduced
(cost of the second prototype manufacture, cost of fabrication
of the second stand, cost of workshop floor space, facilities
and equipment, labour cost of the second prototype testing
personnel).

5. An opportunity for earlier flight testing of an additional
aircraft appears.

The sequence of conducting combined structural tests may
correspond to that illustrated in tab. 1.

Let us review in brief the content of jobs for each stage of
combined tests taking into consideration the experience gained at
Antonov ASTC.

Fatigue testing is accomplished at the first stage. The scope of
tests depends on flight test rate. This is so because at certain time the
static loading test (stage II} becomes necessary in order to eliminate
flight test limitations. It should be marked in this connection that the
standard transport aircraft flight test program 75 per cent of flights
having loads not exceeding 50 per cent of normalized limit {or 47 per
cent ultimate) loads.

B
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Table 1. Stages of Alternative Way of Testing

Stage  Description
I Fatigue tests

11 Loading up to P or to P+ima in full scope
Il Notches and investigation of fatigue crack growth

v Loading up to P (residual strength)
V  Repairs

At the same time, the fatigue testing program includes a number
of rough flights when loads can attain limit values. This fact may be
used for stage canceling of flight test limitations. In our case the
period to cancel limitations and acknowledge static tests necessity was
a little more than a year and we actually managed to accumulate two
design service lives,

At the third stage, in addition to fatigue cracks which had
appeared, about 40 notches sized 0.5 mm to 1 mm were made in
principal structural elements. Some notches were duplicated and made
(up to 10 mm) so that they could generate crack growth in a real
structure. During the following operating period we succeeded in
growing fatigue cracks close to design critical lengths. The total
fatigue failure time exceeded three design service lives.

Residual strength tests were performed at he fourth stage. Loads
were applied several times. To avoid interference, major failures were
sequentially covered by repairs. Finally, the following important
failures were checked:

— completely destroyed lower spar cap of the boundary spar;

— crack in spar web;

— destroyed edge of manhole;

— double-span crack of the lower panel beneath destroyed

stringer, elc.

Timeliness of tests depends greatly upon manufacturer's
performance. Manufacturer's performance quality was checked at the
fifth stage. The structure inspections,using and perfecting NDT
methods, were thoroughly performed before repairs. A decision not to
repair cracks of the maximum nondetectable size before static tests
was taken for the first time in practice. The tests confirmed the
calculation accuracy: The maximum nondetectable size cracks had not
decreased the wing strength below design values.

Effectiveness of the suggested test method depends upon a
number of factors, such as: prototype production rate, design service
life, timeliness of repair, overhauls, etc.

In any case, good preparation will give substantial benifits in
solving technical problems besides reduction of expenses and time.
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For some unique aircraft type, e.g., those with short service live,
combined testing of only one prototype can be sufficient.

144




SECTION 1

Years

A/C No.

i h N

I{:cer‘tificatior}
: operation

Years

A/C No.

AN -

FT
ST
T
RS = I N
R:certiféicatioré
' opefation‘é
FgT

6

Figure 2. Alternative Way of Testing

45




SECTION 1

METHODS
OF NON-DESTRUCTIVE FLUTTER INVESTIGATIONS
IN TRANSONIC WIND TUNNELS
USING NEW GENERATION
OF DYNAMICALLY SCALED MODELS

S.Paryshev, P.Karkle, K.Strelkov, Yu.Azarov, E.Bruskova, E.Sobolev, Yu.Mullov,
S.Efimenko, V.Lystchinsky, P.Alekseev, V.Shtannikow, N.Nasedkin,
A.Osiptchuk
TsAGI, Zhukovsky, Russia

Traditionally, flutter tests at transonic speeds in TsAGI have been
conducted in T-109 wind tunnel of blow down action type. Within the
framework of such a kind of tests, flutter boundary is usually deter-
mined directly, i.e. tunnel flow speed is increased untill its critical
flutter value is achieved and flutter onset occurs. High risk of expen-
sive model failure due to flutter is inherent to this techniques, though
model destruction does not cause sufficient damage of tunnel of such
blow down type.

sShort tunnel run duration and limited possibility of arbitrary
control of dynamic pressure and Mach number in these wind tunnels
restrict usage of advanced test techniques including model excitation
by means of shakers and actuators, measurements of frequency
response functions (FRFs) and determination of in-flow vibration mode
frequencies, damping factors and shapes. The outputs of traditional
tests are usually turbulence-induced time domain oscillation wave-
forms which are hard to be compared with analytical data. The second
reason of limited implementation of advanced techniques earlier was
the lack of appropriate data acquisition and processing systems.

Meanwhile the modern test equipment as well as relevant soft-
ware and mathematics algorithms have been progressively developed
lately to set up the task of actual implementation of advanced
approaches. This demands to master wind tunnels of continuos action
type for flutter tests.

However, usage of continuos type tunnels set up the very high
requirements on flutter tests safety as the broken parts of model failed
at flutter can easily damage tunnel compressor blades. Therefore
direct achieving flutter boundary is prohibited. Thus, flutter prediction
methods, in which flutter boundary is evaluated on the base of sub-
critical measurements, are needed.
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This paper presents some examples of results obtained in flutter
tests in T-106 transonic wind funnel with the aid of advanced
methods. The tunnel has been chosen among others for its relatively
low run costs and rather simple way of tunnel control.

The second important issue is new materials usage. These are
composite materials that are mostly pertinent to be used for transonic
flutter models because of their high specific stiffness (elastic
modulus / mass density ratio) which is higher than that of any pure
metals or other artificial plastics used for models previously. High
specific stiffness allow to make model less heavy and meet the crite-
rion of model mass similarity better.

Pertinent new technology has also been implemented to ensure
high quality of model design and manufacture. Computer-aided
design hardware and software are used to get structural layout,
full-scale drawings and templates, composite lamina tailoring,
mass/stiffness actual distribution as an input for flutter computer
analysis.

Various model structure types within the range from exact copies
of full-scale structure to use of high aspect ratio beam approximations
with internal beams-spars can be considered. Space between structural
elements are usually filled with foam. Models are covered with smooth
skin made of composites.

Precision moulds made by means of computer aided design
facilities are used for model manufacture. Model main part structure
assembly is integrated with moulding of model surface. Thus, required
mass/stiffness distribution is achieved together with high accuracy of
model surface as for models designed for aerodynamic tests.

Models are verified at all stages of creation. Separated internal
elements (spars), assembled model main parts (wing, body, etc.),
partial assemblies (e.g. fin+stabiliser), full model assemblies are
subjected to stiffness measurements and ground vibration tests
providing appropriate possible current corrections in design, manufac-
ture and analytical structural dynamic model. Introduction of
measured stiffness of joints appears to be of great importance to
create correct analytical model predicting ground vibration modes
quite well even for complicated aircraft/model configurations.

An approximate test equipment layout in T-106 wind tunnel is
shown in fig. 1. It should be noted that flutter tests in this tunnel has
required essential change in usual tunnel run procedures to match
specific flutter tests requirements. The tunnel data acquisition and
control system software have been updated to provide for continuos
recording of main flow parameters with high time resolution and to
synchronize it with tunnel test records. Appropriate development of
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model support and suspension system for tunnel working section has
been fulfilled.

The flutter test data acquisition and processing system shown in
fig. 1 may be divided into two subsystems. The "fast" one is designed
to ensure test continuos safety. The spectroanalyzer provides for visual
on-line presentation of spectral densities. Approaching to flutter
boundary results in rapid increase of flutter mode resonance peak
amplitude. Thus it appears possible for test engineer to approach to
flutter boundary too close to estimate flutter speed (Mach number)
reliably, but too far to get flutter onset. For emergency, the special
"flutter indicator” is used to stop the tunnel as soon as amplitude of
some of gauge outputs exceeds prior designated value.

The "slow" systemn is designed for post-run data processing.
Either turbulence -induced model vibrations and corresponding
spectral densities may be analyzed or the model may be excited by
means of shakers or actuators of different kinds, and accordingly FRFs
are considered. The primary analysis may be carried out at
spectroanalyzer to get spectra, FRFs or waveforms samples. The
secondary processing can be performed at PC computer by means of
special software including those created in TsAGI to obtain in-flow
vibration mode characteristics, i.e. eigenfrequencies, damping factors
and mode shapes. The software allow to deal with musti-degree-of
freedom systems and closely located modes.

An example of spectral densities within the range from zero to
100 Hz for a gauge output in one of the tests are shown in fig. 2. One
can see two coupled resonance peaks moving closer to each other as
Mach number increases. As soon as Mach number exceeds 0.8, the
amplitude of the first resonance peak drastically grows up indicating
the flutter boundary is getting closer. Some other vibration modes can
also be observed, but they are highly damped and their resonance
peaks are low and wide.

Results of subsequent processing are shown in fig. 3. The two
modes frequencies and damping factors in terms of logarithmic
decrements versus Mach number are depicted. The frequencies are
getting closer. The decrement of the second mode begins growing up
since Mach number exceeds 0.8 while that of the first one rapidly falls
down. Continuing the decrement curve up to the intersection with
zero line, one can get the critical flutter Mach number.

The results above are relevant to simultaneously increasing dy-
namic pressure and Mach number as tunnel compressor speed grows
up in the case of particular pre-run internal air density. This tunnel
trace is distinguished by thick line in fig. 4. By changing air density, it
is possible to get similar results for other traces. Evaluations of flutter
Mach number for each trace produce finally the flutter dynamic pres-
sure curve versus Mach number. Subcritical model dynamic
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performance data in the space of "dynamic pressure — Mach number"
are also determined.

The test techniques is currently being upgraded. The efforts
should be applied to better quantitative on-line determination of
flutter proximity and flutter mode damping. The post-run analysis
should produce not only vibration mode characteristics but also a
whole flutter mathematical model enable to predict flutter on the base
of the measurements at speeds essentially lower than critical.

The background for this progress has been developed by Russian
and foreign scientists.
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BIRDSTRIKE RESISTANCE OF AIRCRAFT COMPONENTS

R.J. Speelman 11

R. E. McCarty

M. E. Kelley

J. L. Terry

Wright Laboratory

Wright-Patterson Air Force Base, Ohio, USA

ABSTRACT*

Aircraft and birds repeatedly prove that they cannot occupy the same atrspace at the same
time. Over 3000 birdstrikes per year cause 50-80 million US dollars in damage to USAF
aircraft. To the worldwide aviation fleet this problem is estimated to cost more than one
billion US dollars per year. The characteristics of the birdstrike problem are described.
The predominate impact points causing these high costs are identified. Processes for
establishing aircraft birdstrike resistance requirements and capabilities are presented as are
processes and facilities for certifying aircraft birdstrike resistance. Also presented are some
emerging technologies that show promise for reducing the frequency of birdstrikes.

*To be presented, and used in generating discussions, at the conference on Experimental
Facilities and Aircraft Certification, Moscow, Russia, 22-27 Aug 1995
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INTRODUCTION

Collisions between birds and aircraft demonstrate a consequence of sharing-the-air. With
this acknowledgment comes realization of the need to reduce the frequency and the
consequences of such mid-air collisions. A series of words can be used to summarize
these collisions: rare, costly, predictable, reducible and tolerable. The intent of this paper
is to focus on the facilities and processes used in validating an ability to tolerate a
birdstrike. A brief description of these other terms will be covered to place the importance
of birdstrike tolerance in perspective.

BIRDSTRIKES

Rare

Birdstrikes are rare occurrences. Most pilots will pursue their career without
encountering a significant birdstrike event. Serious birdstrikes are measured in
occurrences per million flight hours. Historical records accumulated in the 1970's showed
that about 95% of all birdstrikes encountered were at bird weights of less than 4 pounds
(1.8Kg). So, the probability of encountering a bird of significant size is rather small. More
recent analyses of operational statistics show an increase in this weight to about 4.5 to 5
pounds (2.0 to 2.3 Kg). Two factors are believed to be contributing to this. Oneisa
trend to conduct low altitude flying in corridors where noise will be less objectionable to
local civilian populations. This results in increased use of corridors that are likely to be
populated with larger birds. The other factor is the increasing populations of these larger

birds.

Costly

A significant birdstrike, while rare, can be very costly. The USAF experiences about 3000
birdstrikes per year. These birdstrikes result in a loss of about 1-2 aircraft per year and a
loss of about 1-2 aircrew every 3-S5 years. USAF costs for birdstrike damage are about
$50 Million US dollars per year. Costs for birdstrike damage encountered by the world
wide aviation fleet are estimated at about one Billion US dollars per year. Damage costs
are a function of three primary variables: bird weight, impact speed, and impact location

on the aircraft.

Predictable

While birdstrikes are rare the range of consequences is predictable. The aircraft flight path
sweeps through a given volume of airspace. Birds have seasonal as well as day time and
night time population distributions within this airspace. Birds also have a probability
distribution by weight. The probability of collision with a given weight bird is therefore
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predictable. The aircraft time and speed in various altitude bands can be predicted for a
more precise estimate of the range of probable impact weight and speed conditions.

The probable impact location on the aircraft is directly related to the projected frontal area
of the components of concern. While these areas vary with different types of aircraft, a
historical distribution of birdstrikes as seen by the USAF is as follows:

Engines 21%
Wings 19%
Windshields  17%
Radome 16%
Fuselage 11%
Multiple 11%

Landing Gear 5%

Analytical tools for predicting both the probability and the structural consequences of a
birdstrike are available to those pursuing this task. The tools for predicting structural
consequences are also becoming sufficient for use in designing components to tolerate
such birdstrike energies.

Reducible
Birdstrikes can not be eliminated but the probability of occurrence can be modified to the
benefit (or the detriment) of the aircraft and crew. Information is available on habitat
modifications in the vicinity of the airfield to result in either increasing or decreasing bird
populations. For example, controlling vegetation height near the runways can reduce
attractiveness to birds, and allowing landfills or standing water near the runaway can
increase the attractiveness to birds. Tools and reports to assist in this management of the
bird population in the airfield vicinity are readily available to those pursuing this task.

Some new technologies are emerging for use in reducing the birdstrike probability. One of
the first to find practical application is to modify the birdstrike prediction model with more
accurate distribution mapping of bird populations along specific flight corridors. These
mappings also include information on seasonal and time-cf-day bird activities. These
birdstrike probability prediction models then become known as Birdstrike Avoidance
Models and are used for comparing alternate flight corridors as to their relative risk for
birdstrikes.

As an example, less than 1.0% of USAF birdstrikes are with turkey vultures (cathartes
aura) yet these impacts result in about 40% of the damage. Tt was felt that if the typical
daily and seasonal flight pattern of these birds were known, then this could be taken into
account in planning a flight corndor or in comparing alternate corridors. Eight birds were
captured and fitted with miniaturized radio transmitters. Data being accumulated will be
used to modify the Bird Avoidance Models. With this better understanding of the vulture
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flight patterns, both the birds and aircraft will be better off and that this will result in a
USAF damage reduction of at least $10M per year.

Two new approaches to birdstrike reduction are being explored. One involves better
information for use in real-time avoidance of a particular birdstrike event that is likely to
be significant. The other involves active deterrence of bird activity in the aircraft flight

path. Both approaches are still in their infancy.

Radar tracking of birds has long been a tool used by ornithologists in their studies.

Radars, both airborne and ground based, that are used for aircraft flight path information,
detect birds. This information is not critical to flight management and is filtered out as
unwanted clutter. The technology being explored is to take this bird detection information
and process it along with aircraft flight path information through an artificial intelligence
network to predict birdstrikes that are about to occur. For those that have a high
probability of being a serious incident the aircrew could be given a warning to take evasive
action. For impact with single birds this is a fairly straight forward calculation. For
collision with a flock of birds, it is not so clear cut as to what will constitute a serious
situation. To build this understanding, equipment is being developed for use in the field to
measure spatial characteristics of representative bird flocks. This information can be used
in the probabilistic birdstrike collision prediction models to determine quantities of hits
likely to be encountered by various aircraft areas of concern. Analytical tools used in
structural analysis of the birdstrke event can then be used to predict when significant
consequences will be experienced. This can then be used as criteria in the artificial

intelligence process.

The other approach to birdstrike reduction is taking action which will cause birds to avoid
the flight path of the aircraft. It is believed that if given the chance birds will avoid
confrontation with an aircraft and that most collisions are a result of the bird not seeing
the aircraft in time to get out of the flight path. Techniques such as strobe lights and
rotating geometric patterns, to increase aircraft visibility have been experimented with for
some time. The results are argumentative. These techniques all have a pre-requisite for
their effectiveness and that is the bird must first look in the direction of the aircraft.
Research has shown that birds detect sound at frequencies below that heard by humans.
Under laboratory test conditions they respond to this sound in a manner indicative of
visually searching for a source. It is theorized that this system will cause the birds to look
around for the sound source and that this will increase their opportunity to see and thus
avoid the aircraft. The first probable application of this infrasound warning technique will
be in a ground based system for use at an airfield. To reduce habitation, this system will
only be activated when aircraft are in landing or take-off operations.

While the process is not understood, it has been observed that birds detect and avoid high
energy radar beams. If the ground based infrasound warning system proves viable, then
second and third generation spin-offs are being considered. The second generation would
modulate a radar beam with an override frequency that would carry the infrasound
message. The power and range of this radar beam would only be as necessary to cause
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birds in the danger zone to search for the sound source and thereby hopefully see the
approaching aircraft. The third generation will attempt to benefit from the close
anatomical relationship between a bird's hearing system and its balance system. If the
modulated radar infrasound message can be recetved in a format or volume that
temporarily disturbs the balance system, the bird may take direct evasive action to avoid,
or it may involuntarily fall out of, the danger zone.

It is the goal of this work in active deterrence to, first, reduce the frequency of birdstrike
collision and second to do this in a way which does not cause permanent injury to the
birds.

Tolerance

When the inevitable proof reoccurs that two objects can not occupy the same airspace at
the same time, hopefully the aircraft has sufficient structural integrity to tolerate the
birdstrike energy without catastrophic loss of aircraft or aircrew. With only about one out
of a thousand birdstrikes resulting in such a loss this is indeed the case in most birdstrikes.
Tolerance of the birdstrikes event means the aircraft subsystem(s) being impacted must
safely absorb the energy of accelerating the bird mass to some significant fraction of
aircraft speed and do this in an aircraft travei distance of about the bird length or width

depending on impact direction.

Absorbing the birdstrike energy occurs through deformation of the aircraft structure.
Obviously, not all birdstrike energies can be tolerated. It then becomes a tradeoff of cost,
weight penalty, and probability of occurrence in setting the level of required tolerance.

For some critical structures and surfaces this means design for, and test to, a bird impact
weight of eight pounds (3.6 Kg). For the majority of the aircraft frontal area this means
design for, and test to, a bird impact weight of four pounds (1.8Kg). For the engines the
requirements vary but are essentially driven by engine inlet size and include bird weights
up to eight pounds (3.6Kg) as well as multiple 1.5 pound (0.7Kg) and 2.5 pound (1.1Kg)
birds. For certification, each subsystem will have criteria related to the damage that can be
allowed. These criterta for various impact wetghts, and locations, can range from a
requirement to have no effect on engine performance, to one of being able to sustain
performance at reduced power, to one of being able to safely shut down engine operation

entirely.

The speed at which these requirements must be met is generally tied to the anticipated
speed in the birdstrike environment. For some aircraft, such as for commercial cargo and
passenger use, the weight and cost penalty for achieving tolerance is reduced by imposing
a requirement to stay below a certain speed when at an altitude that places the aircraft in
the high risk birdstrike environment.

Structural analysis computer codes are becoming available for use in designing subsystems
to tolerate the birdstrike energy. These codes have become quite efficient in replicating
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the non-linear material behavior characteristics that occur during a birdstrike event. An
event that may last only 0.001 seconds and result in generation and dissipation of a
birdstrike force approaching 100,000 pounds. The use of these codes has greatly reduced
the historical and costly design, test, redesign cycle. While the need for test facilities to
support this cut and try approach has diminished they are still used for design validation

and flight certification testing.

TESTING AND CERTIFICATION

All external components having a forward facing projected area are subject to birdstrikes.
It is reasonable to expect those responsible for such subsystems to certify compliance with

birdstrike tolerance requirements.

As analytical codes mature for analysis of structural response to the birdstrike event, there
is less need to demonstrate compliance via actual testing. Dependence on such codes in
lieu of testing requires experience in their use and an understanding of the degree of
departure of the design being analyzed, from a design which was verified in full scale
testing to be in agreement with predictions.

The item being tested should be representative of operational hardware and should be
mounted in support structure representative of the actual aircraft in order to take into
account the dynamics of structural response to the actual birdstrike event. The testing
should include environmental extremes representative of conditions likely to be
encountered in an actual birdstrike.

Testing should include impact locations where maximum stiffness is expected, where
maximum deflection is expected, where critical support structure, actuating mechanisms,
power lines, fuel lines or hydraulic circuits are hidden and otherwise presumed safe, and
where impact shock dynamics can activate or dislodge electro-hydraulic switching or
actuating mechanisms that are critical for continued flight.

The use of artificial, real, or commercial birds js a choice that must be based on several
factors. The artificial birds do create realistic impact loading and they are economical,
both in preparation and in clean-up. They do invariably leave certification authorities with
an uncomfortable feeling of "But--are the results real?". Real birds representative of those
expected in actual operation certainly answer this question but they are costly to acquire
and environmental protection considerations make it difficult to justify their use.
Commercially available birds, such as chickens, are bred to have a different structure than
wild birds. Both real birds and commercial birds are costly to use in terms of facility
clean-up after each test. The series of choices frequently ends up by using artificial birds
for development testing and commercial birds for certification testing.

A typical bird impact range is shown in Figure 1. The components consist of a tank for
holding pressurized air, a pressure release valve, a chamber for holding a sabot which
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holds the impact projectile, a tube for directing the projectile as it is accelerated by the
pressurized air, a constrained portion of the tube to strip the sabot from the impact
projectile, instrumentation for measuring the velocity and orientation of the projectile, a
station for mounting the item to be impacted and a backstop (not shown) for absorbing
residual energies. Numerous electrical interconnections are incorporated for safety and
data acquisition. Provisions are made to enclose the impact area with insulating blankets
or curtains and for use of heating or cooling equipment. These are removed just prior to
the actual test so as to not interfere with the test.

High speed photography is accomplished with motion picture or video equipment. A
capture rate of 5000 {rames per second has been found to be minimal for analysis of
results. Multiple cameras and lighting are synchronized and activated as part of the
automatic firing sequence. By strategically locating and synchronizing selected cameras,
and use of computer aided film analysis, a three dimensional, time based, deflection map of
the item being impacted can be created. This map can be compared to the predicted
deflection map. Under certain conditions, this comparison lends credence to further use of
the predictive tools and can significantly reduce the quantity of tests required.

This facility is obviously for impact of stationary targets. For rotating targets the
automatic firing sequence includes additional controls to assure hitting the desired
location. On one facility for rotating targets the launching sequence is so precise that a
test can be conducted where the bird goes between two blades and the back of the blade
hits the bird. Generally the rotating item is connected to the drive mechanism through
frangible couplings. For some of these rotating target tests, multiple launch tubes are
used and in some cases spring loaded mechanisms are used in lieu of the air cannon to

launch the projectile(s).

A second type of facility is also used. Some aircraft certification programs involve testing
using a sled - track where rocket motors accelerate the test item to a desired speed.

Under these conditions the bird impact tolerance certification can be accomplished at little
or no additional cost by suspending the bird carcass in a position where it is hit by the test

item.

It is sometimes argued that the lack of airflow in the first type of facility is sufficient
reason to justify a requirement to use the second type of facility. Analysis of results from
both types of facility shows little basis for this argument. True, the aerodynamic loading
does add to the forces on the item being tested but this is well within the scatter of forces
from the bird impact. True, the acrodynamic flow field does exert forces that can change
the trajectory of the bird but for birds of a size sufficient to damage the structure, this
course alteration is insignificant. Unless there is some overriding reason such as to assure
that the external trajectory of impact debris does not interfere with an engine, then the cost
of the second technique, solely for birdstrike certification, is not warranted.
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Facilities for testing of non-rotating articles are located in the US at:

- Arnold Engineering Development Center
Bird Impact Test Range
Arnold AFB, TN 37389, USA

- Boeing Commercial Aircraft Co.
Birdstrike Test Facility
P.O. Box 3707
Seattle, WA 98124, USA

- Lockheed-Martin Aircraft Systems
Structural Test and Fluid Dynamics Lab
P.O. Box 748
Ft Worth, TS, 76101-0748, USA

- PPG Industries, Inc
Aircraft products (Qualification testing)
P.O. Box 2200
Hunrsville, AL 35804, USA

- University of Dayton
Research Institute
300 College park
Dayton, OH, 45469-0101, USA

Facilities for testing of rotating articles are located in the US at
- Wright Laboratory
Bird Impact Test Range (WL/POM)
Wright-Patterson AFB, OH, 45433-6563, USA

- Each engine manufacturer has a facility for use relative to their engines

CONCLUSION

This paper was assembled as a means to start conversations. Conversations to explore
possibilities. Possibilities of sharing in the development, validation and application of
technology to improve flight safety by reducing the costly consequences of mid-air
collisions between birds and aircraft.
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Each of the authors has many years of experience in improving aircraft birdstrike tolerance
and would welcome a chance to explore possibilities for extending the underlying

technologies.
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COMPOSITE MATERIALS IN AIRCRAFT STRUCTURES

v V.F.Kutinov
" Head, Airframe Static/’l'hetma! Strength Research Division
Central Aerchydrodynamic Institute (TsAGI)

1. SURVEYING THE USE OF COMPOSITES IN AIRFRAMES

The composite materials are regarded to be much promising from the viewpoints of
both extending the aircraft capabilities and improving the economy figures.  Therefore
aircraft companies conduct comprehensive projects for utilizing the composites. |

The international and Russian data available, see Fig. 1, clearly demonstrate

permanent growth in aviation composite materials utilization. according to forecast in
the technical literature, the amount of composites in passenger-carrying airplane

airframes will by year 2000 be as large as 15 - 20% (referred to the weight of all

materials used), and in military airplanes, 35%.
As to aircraft industry of the Commonwealth of independent States, all major design

bureaus have mastered these materals. Let us address practical examples of the use of
composite materials in domestic airplanes.

In TU-204 passenger-carrying airplane (Fig. 2) the amount of composites is 9% of the
weight of all materials used; the plan is to increase this parameter to 15% by
introducfng composites in structures of vertical and horizontal stabilizers.

In AN-70 transport (Fig. 3) the weight of composites if 25% amongst all materials

used. Large-size structures of vertical and horizontal stabilizers are completely

manufactured out of composite; sandwich panels are with tubular cores.
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A mass-produced MIG-29 fighter (Fig. 4) has 7% fraction of composites (by weight);
in future fighters the weight fraction of composites in lifting surfaces, wing high lift
devices,and body components will be as high as 30%.

Composite materials were also used in Buran orbiter: payload bay doors have been

manufactured out of a carbon/carbon material (Fig. 5)

2. LAY-UP AND CHARACTERISTICS

Widespread aviation composite materials are the polymer matrix composites; used as a
filler in them are glass, organic and/or graphite fibers. Figure 6 demonstrates usual
combinations of components for the fibrous composites utilized in aviation.

Levels of specific strengths and stiffnesses of composites are mainly defined by
properties of the fibers. Thé diagram compares specific strengths and stiffnesses of
unidirectional composites with epoxy matrices and various reinforcing fibers.

Glass-reinforced plastics have high allowable stresses and low stiffness. Organoplastics
can carry high tensile stresses but have a relatively low Young's modulus and low
compressive strength.  Carbon fiber reinforced plastics are now the main structural
materials for load- bearing components of structures. Various fillers can be combined in
a material system, forming a hybrid material.

Mechanical properties of a matrix are determinants for a shear load capability, buckling
behavior, and maximum use temperatures, fatigue and impact resistance depends on a
matrix.

Currently, efforts are undertaken to develop composites based on thermoplastics. The
latter yield at elevated temperatures and harden at room temperature. As compared with

thermoset composites, the thermoplastic-based systems have a number of advantages:
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- ease of use,

- simpler repair, the potential for reuse,

- almost no limitations on prepreg storage duration,

- insignificant sensitivity to moisture,

- high fracture toughness, damage tolerance, see Fig. 6.

Most widely .the aircraft companies manufacture the composite structures from
prefabricated prepregs, i.e. unidirectional layers impregnated with a matrix material. The
prepregs are built-up in compliance with a prescribed pattern, thereafter united in a final
material by polymerizing the stack (Fig. 7). The resuiting material has certain average
stiffnesses and strengths, which can be controlled by varying the composition parameters
such as the total number, lay-up angles/sequence, and thicknesses of the lavers.

The average properties of composites are predicted by analysis based on anisotropic
multilayered plate theories. lised as initial data are characteristics of a uridirectional
orthotropic ply that are listed in a table in Fig. 7. The ply characteristics are evaluated

experimentally.
3. DESIGN OF COMPOSITE STRUCTURES

A traditional task during design of a primary structure to a prescribed load is to specify
structural parameters such as to attain a minimum mass under constraints. In the case of
composite structures the set of design parameters is extended by adding parameters of
the stack-- the directions and amounts of unidirectional layers. The increase in the total
number of design parameters; more details in an analytical model; extra limitations
associated with manufacture and use of composite structures; these factors result in a

very cumbersome design process. The problem can be simplified by dividing the design
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procedure into stages as presented in Fig. 8.

First stage: a multidisciplinary aero/strength/dynamic design of beam/plate models in
order to preliminarily specify parameters of a minimum-weight structure under
requirements for strength, aeroelastic behavior, controllability, fatigue life, etc.

Second stage: a coarse finite-element model is used to formulate a reasonable structural
concept and to improve parameters including the "microstructure” of materials.

Third stage: individual structures, assemblies and joints are optimized.

Fourth stage; a structural analysis is carried out using the final FE model of high
dimension; all requirements are checked out.

At TsAGI, methods for the first and second stages are implemented in ARGON
complex; its schematic may be seen in Fig. 9

Proceeding from the initial data represented in this Figure, the program conducts the
multidisciplinary aero/strength/dynamic design of a continuum-mechanics model.
Airloads are evaluated with due account for aeroelasticity; the extreme load conditions
are revealed; the fiber orientation angles and thicknesses are chosen; aeroelastic behavior
is evaluated.

At the second stage, a finite-element model is formed; a reasonable structural concept is
outlined; fiber orientation angles and thicknesses are refined. Figures 10 and 11 illustrate
the use of ARGON in application to design of a vertical stabilizer of a high-technology
aircraft.

At the stage 1 (Fig. 10) the analytical model is as simple as a sandwich panel with a
rigid core. Weight and stiffness requirements are complied with by establishing a
reasonable composition of primary layers. At the stage 2(Fig.11)the finite-element model
is used to form a reasonable structural concept, a stack composition, and thicknesses for

each structural unit.
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The stage 3 (i.e., an individual treatment and optimization of structural elements) s
implemented in the TsAGl-developed COMPOSITE program package. Figure 12
demonstrates major parts of the package. The next Figures represent some applications of
the COMPOSITE complex:

- computation of strengths and stiffness characteristics, evaluation of load-
carrying capability and stability of paneis(Fig. 13) and
- optimization of ccc panels and shells to withstand the general loads shown

(Fig. 14).

4. FEATURES OF MEETING THE STATIC AND FATIGUE STRENGTH
REQUIREMENTS FOR COMPOSITE STRUCTURES

When designing the composite structures, account should be taken of additional factors
that weaken the structure. The main factors are as follows (Fig. 15):
- scatter in mechanical properties, more notable than that of metals,
- brittleness and the related sensitivity to stress concentration and impacts,
- sensitivity of structural characteristics to environmental attack and length of
service.
The influence of these factors should be aliowed for at a design stage; with this, the
conventional system of measures for meeting the static and fatigue strengtis requirements

that was developed for metallic structures.

4.1 Notable scatter of mechanical properties

The more significant scatter in strengths of structures made out of composites is taken
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metal structures, a damage(such scratch, indentation) detectable by eye does not almost
degrade the load-bearing capability, while initiation of fatigue cracks.  After a crack
reaches a critical length, the structure fails.

Damage in a composite structure appears mainly due to accidental mechanical impact
that can occur at any time during operational use. In this case the strength characteristics
fall suddenly. As a rule, usual variable in-service loads develop a damage extremely
slowly.

A composite-structure failure mode depend on an impact energy level (Fig. 17). High
and medium energy impacts damage a surface; such areas con be detected visually and
repaired. The most hard danger is associated with Jow-level impacts; indications are
difficult to reveal visually, and nondestructive methods should be employed.

Investigations show (see Fig. 17) that a low-energy impact can drastically degrade a
component strength, and a compression load carrying capability reduces more notable
than a tensile Joad limit.

The sensitivity to impacts poses a number of extra requirements on designers:

- the composite structure should be designed as a fail-safe concept, i.e., it must
maintain a desired strength after a standardized damagé oceurs;

- the influence of the standardized damages must be allowed for when
specifying the allowable stresses -- by introducing a coefficient K,

- operators should establish a systematic pre-flight visual inspection and periodic
nondestuctive inspections,

- new typical processes for repairing the damaged structures in field conditions

should be developed.
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S. CERTIFICATION OF AIRCRAFT COMPOSITE STRUCTURES

The existing approach to airframe certification has been made perfect; it assumes
structural analyses and theoretical evaluations of the strength properties, to be validated
by certification tests.

The diagram in Fig. 18 represents the amounts of certification works for the composite
structures; the shaded cells indicate additions caused by the replacement of metals by
composites. In comparison with the metallic structure, the composite structure must be
shown to be capable of meeting the static and fatigue strength requirements after
introduction of standardized damage in the most severe environments; complementary
efforts are undertaken to substantiate

- fail-safe operation capability
- damage tolerance,

- inspectability, and

- repairability.

The analytical estimation of the strength includes; - a theoretical computation of
stresses and strains by means of state-of-the-art methods; currently finite element
methods are widely employed; - the use of data available in handbooks and from the
experience of designing and operating similar structures.

The estimates and validated by certification tests that envisage large amounts of testing
for static and fatigue strength of various specimens. The range of specimens may be
categorized in types (Fig. 19) which differ in sizes, total numbers of specimens, and

values of interest.
Elementary specimens are usually small-size and can easily be tested in prescribed

environmental conditions. These tests supply mean values of characteristics and the
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scatters. Experimenters determine degrees of the influence of various service factors in
various combinations; the worst conditions by strength degradation are outlined.

Some "fragments" being medium-size portions of a structure are used to evaluate
technological concepts and/or to obtain the strength limits. Such specimens are too large
to be used for evaluating the scatter, but the strength degradation under real
environmental effects can well be estimated.

Units being important parts of an airframe can be very large. The experimentation
usually involves one or two copies. The principal problem in this case is to evaluate the
concepts and manufacturing processes by strength. For these tests two approaches are
possible: - the direct tests with simulation of service conditions and - an "analysis and
experiment” approach that envisage tests in conventional environment and a subsequent
extrapolation of the data to the most severe conditions.

The entire airframe with composite parts are tested in compliance with the test amount
requirements adopted for "all-metal” airframes. The full-size airframe is tested in normal
environment and the results are corrected for in-service factors; here, reliance is made on
analytical procedures and the data obtained from testing of specimens of other types.

The aim of the full-size tests is to comprehensively validate the airplanes put into

service and to ensure their strength and long operational lite.
6. DESIGN CONDITIONS FOR PASSENGER-CARRYING AIRPLANES
6.1. The influence of environmental conditions

As to the passenger-carrying airplanes, the environment parameters are as defined in

Fig.20. Extreme conditions are simulated during static tests, and/or residual strength
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tests, whereas the long-term strength parameters are determined by exposing the

airframe during the fatigue strength tests.
6.2. Fail-safe design requirements

The impact may be prescribed in terms of an impact energy or a damage area size--
these values are interrelated. An in-service damage to a full-scale structure is modeled by
a notch or a spherical indentation. The size of a design limit in;service is defined on the
basis of a value at which the damage will be reliably (at a probability of not less that
90%) detected by the usual inspection technologies and inspector's skill.

An airplane operated within the fail-safe design principle must remain strong with in
service damage. The design limit conditions establish a relation between a standardized
damage and the factor of safetv. Figure 20 demonstrates fail-safe conditions; the abscissa
axis represents ranges of the damages, and the other axis corresponds to the necessary
strength margins which must be substantiated. Specific parameters of the standardized
damages depend on a number of aspects(a type of a structure, a material, skills, etc.) and

should be established via statistical data and/or special tests for damage inspectability.
7. MEANS OF COMPLIANCE

To demonstrate the correspondence of real strength characteristics of a structure to the
certification requirements, the means of compliance are developed. Let us cite some of
these methods that were used for certifying the composite assemblies of TU-204

passenger-carrying transport.
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7.1. Nondestructive inspection method validation

Using a certain nondestructive inspection technique(specifically, the ultrasound
impedance method), the damage sizes are determined and compared with actual
dimensions measured on a microesection of the damage area. The comparison makes it
possible to estimate acceptability of the method and introduce the proper

corrections(Fig. 21).

7.2 Damage detectability

Boundaries of reliably detecting a damage by means of instrumented and visual
inspection were outlined via detectability tests. The upper and lover surfaces of an
aileron were damaged by impacts with various energy levels, and the damage area sizes
were measured. In so doing, the plot of a characteristic length of a damage area versus
the impact energy level have been generated, Fig. 21; thereafter, boundaries of reliable

detection by instruments and visual inspection were outlined.

7.3 Environmental effects

There arises the question of how to demonstrate fulfilling the static/fatigue strength
requirements for the composite structure as of the finish of the design service life when
properties degrade under environmental effects and cyclic loading? One of approaches is
to conduct the full-size structure test to a program that ensures close sirmulation of
critical environmental conditions and loads. Such tests for an airframe as a whole are

difficult to perform, but some, medium-size structural units may be studied in this way.
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7.4 Damage growth rate

This value is necessary to assess the inspection schedule and the structure life
capability. The damage growth rate determination method is as follows: during the life
evaluation the structure is systematically inspected with instruments to measure the
visible damage sizes. These measurements are a basis for plotting the size variation

versus the number of cycles; damage growth rate is computed. This method is illustrated

in Fig. 24.
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SECTION 1

CERTIFICATION OF PREFORMS AND STRUCTURE
ELEMENTS OF COMPOSITE MATERIALS

V.L.Raikher, V.Ya.Senik and Y.P.Trunin
TsAGI, Zhukovsky, Russia

Abstract

The cost-efficient approach to certification of preform materials
and structural elements is suggested. The approach relies on static
and fatigue tests of specimens from one material batch that has the
worst average properties. The per ply thickness effect on strength and
fatigue of polymer composite materials lies in substantiation of the
certification approach.

It is known that a great number of specimens manufactured from
several prepreg batches is necessary to test for estimation of the
design values of material, structural element and structural detail. For

example, less than five batches cannot be enough for A- and B-value
estimation of material properties [1]. If the question about evaluation
of design values of preform materials, elements and details of aircraft
structure with such degree of confidence is raised, then test extent
becomes excessive, because the number of elements and details that
influence the flight safety is too great. Therefore, the known sugges-
tion about tests of one worst batch of preform material, element and
detail from the acceptable range is the alluring prospect.

The selection of the worst material batch is suggested to be
realized on the basis of the relations between fracture resistance and
per ply thickness. These relations are established by the supplier or
the user on the basis of strength and fatigue test results of lJamina or
laminate under tension and compression. These tests are better to be
carried out in advance. For receiving the relations between strength
and per ply thickness the test results of process control specimens
may be also used. On the basis of relations received the user sets the
allowable range for per ply thickness alteration in preform material,
between-batch variance and critical per ply thickness that is equal to
one from two range bounds. As the worst material batch having the
worst average properties we suggest to consider the one produced
with critical per ply thickness. The test specimens of preform material,
element and detail (further called model specimens) intended for
estimation of the batch mean and the within-batch variance should be
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manufactured with the critical per ply thickness or close to it. In the
last case a per ply thickness deviation is taken into consideration

during test result analysis.

The estimation of A- and B-values is suggested to be conducted
only on model specimens that have been subjected to the environ-
mental exposure and have been tested at the most critical tempera-
ture. The influence of different factors on strength and fatigue of
model specimens is suggested to be evaluated on the basis of the
averages.

The influence of per ply thickness upon strength and fatigue of
composites is necessary to be considered for two aspects. At the stage
of material and process development the optimum of per ply thickness
and the allowable range of per ply thickness alteration are needed to
determine the maximum of unit static and fatigue strengths that are
equal to the ratio of static failure stress or fatigue failure stress under
given life to unit weight of composite. In this case the static failure
stress and the loads for fatigue tests should be calculated under the
actual thickness in the specimen failure area. '

The second approach to the estimation of per ply thickness
influence on a composite failure resistance is proper for the structure
certification stage. In this case the static failure stress and the loads
for fatigue tests should be calculated under the nominal per ply thick-
ness under which the analysis of stresses acting in service have been
conducted. The nominal specimen thickness is equal to the nominal

per ply thickness multiplied by the ply number (¢,=p n). Under appli-
cation of the nominal per ply thickness the static and fatigque failure
loads will be directly proportional to the corresponding stresses. The
relations of the static failure stress and life versus per ply thickness
from the allowable range are required to establish the fit curves and
the between-batch variances.

Most full investigation of per ply thickness influence have been
performed with glass/epoxy [2]. The thickness of dry fabric of 8 har-
ness satin weave construction is equal to 0.23 + 0.02 mm. After dele-
tion of the coating away from glass fibers by burning it out the fabric

thickness becomes equal to £,=0.25 mm. It is explained by that the
coating promotes to sticking together the fibers. The lay-up type is
[0]. The maximum pressure during the curing is equal to 0.8 MPa.

The life values for unnotched specimens of this material versus
per ply thickness are given in fig. 1 [3]. The data are approximated by

curve of lg N =-26.8+278p-587p* . The unit stress amplitude is pre-
sented in fig. 2 versus per ply thickness. For comparison the curve for

stress amplitude under nominal specimen thickness p,=0.23 mm is
also demonstrated in fig. 2. It can be seen in the figure that maximum
value of unit fatigue strength is attained under per ply thickness of

202




SECTION 1

0.23 mm. The maximum nominal stresses under fatigue failures and,
consequently, corresponding maximum loads take place under per ply
thickness of 0.25 mm.

The fatigue tests of glass/epoxy with fabric having a thickness of
t,=0.3 mm have shown that the maximum unit fatigue strength is

attained under per ply thickness of p=0.3 mm. Thus, under p <¢{,
when a compression of fabric sheets occurs the glass/epoxy resistance
to failure decreases.

Carbon/epoxy test results seem to have the same view. The mean
values of tension strength at the nominal per ply thickness of

p,=0.157 mm for unnotched carbon/epoxy specimens versus per ply
thickness are presented in fig. 3. Unlike the above mentioned
glass/epoxy the per ply thickness decrease has been provided by the
pressure increase from 0.1 MPa up to 1 MPa. The thickness of dry

carbon tape is equal to ¢,=0.157 mm. It can be seen that the
composite strength decreases when p <t,.

Rejection of elements with poor strength promotes to appearance
of the truncated distribution. The empirical truncated distribution that
is plotted by the batch averages of the process control specimens for
the accepted elements of acrobatic aircraft is presented in fig. 4. The
truncated distributions can also appear when the per ply thickness
limitations are introduced for specimens. The empiric distributions for
logarithm of life are presented in fig. 5 for the above mentioned
glass/epoxy with different ranges of per ply thickness alteration.

The Weibull formula fits for approximation of distribution of
logarithm life for specimens with the most large range of per ply

thickness alteration of p=10.18-—0.27 mm. The narrowing of per ply

thickness range down to p=0.19—0.27 mm provides lognormal distri-
bution. Some more narrowing of per ply thickness range leads to the
appearance of truncated lognormal distribution.

Experience of the analysis and experimental strength studies of
composite structures with stress concentrators such as cutouts,
mechanical joints, delaminations and impact damages has shown that
characteristics of the fracture toughness can be used to analyze struc-
ture strength. In the case of fracture under plane stress state the criti-
cal stress intensity factors (SIF) under tension, compression and shear
are fracture criteria and consequently design characteristics. The criti-
cal values of SIF for carbon/epoxy laminates with close layups versus
a failure stress of unnotched specimens under tension and compres-
sion are presented in fig. 6. As it can be seen, there is nearly linear
relation between these characteristics. The tension test results of

glass/epoxy flat specimens with a hole having a diameter of D=5 mm
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{(fig. 7) substantiate that their ratio to the unnotched specimen
strength does not practically depend on per ply thickness.

If fatigue curves were plotted at the fixed loading rate rather
then fixed loading frequency, then these curves are well approximated
by the exponent function with constant exponent, Fig.8.

The time-effective procedure for A- and B-values estimation is
based on the application of test results of lamina and/or laminate
and/or process control specimens from different material batches and
also on test results of model specimens from one material batch. In
addition the regularities received on the basis of generalization of
investigation results of strength and fatigue of composite coupons and
elements are considered. On the basis of these regularities the
following assumptions are made:

1. The variance model satisfies the requirements of the one-way

variance model with balanced random effect. This model pre-
sents each observation as the sum of three components

x;=u+b +eg, j=1..,n
p is the overall average of the population. The error terms g;
are assumed to be independently distributed normal random

variables with a mean of zero and a variance of Sf (within-

batch variance). It is considered that the variance S’ is the

same for all batches. The random effect b, is assumed to be
independently distributed normal random variable with a

mean of zero and a variance of Sf (between-batch variance).
If the large preform number was rejected on the basis of the
test results of process control specimens, then the distribution

of b, describes by truncated normal distribution (fig 4).

2. The ratio of static (fatigue) strength values for the process
control specimens and for the model specimens does not
depend upon per ply thickness (fig. 7).

3. In accordance with assumption 2 it follows that the between-
batch wvariation coefficients of static strength (fatigue
strength) for the process control specimens and the. model
specimens are the same.

4. The fatigue curves for the element can be described by power
function with the constant exponent (fig. 8).

5. A composite element life has the two-parameter lognormal
distribution.

Taking into account of the limited extent of certification tests,

the parameters that are necessary for computation of A- and B-values
by this method are estimated step by step in the process of test result
analysis of the process control specimens and the model specimens.
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The test results of process control specimens are used for valida-
tion of some assumptions and definitions: relationship "nominal failure
stress — per ply thickness”; empirical distribution of failure stress
means; between-batch variance; overall per ply thickness average of
the population of taken batches.

The linear regression method is used for coefficient computation
in the relationship "failure stresses (or life) — per ply thickness" . All
test results are used including the ones of the rejected preforms. The
experience of analysis has shown that these relationships are approxi-
mated by the quadratic equation in the sufficient wide per ply thick-
ness range.

On the results of certification static tests the mean values and the
variation coefficients are calculated by standard procedures [4]. The
variation coefficient of the fatigue limit is estimated as following

Y, = \/exp((SlgN /m)2 / 0.189)—

where S, is the estimation of the standard deviation for
logarithm life, m is the exponent of fatigue curve function.

The overall average of population for element strength (life) is
estimated using the relationships of properties with per ply thickness
and the assumption 2.

The A- and B-values are calculated as
A=X~- T, \/Sj—:,_s—;— ’

B=X-T,/S’+S’

where T, and T} are the tolerance limit factors.

If the distribution of the random effect b, is normal, then the T,
and 7T, values are determined in accordance with MIL-HDBK-17 [1].
In the case of the truncated normal distribution of the random effect b,
the statistical modeling procedure is used for determination of the T,
and T, values.

The verification of suggested procedure performed using the data
of Ref.[1] has showed that deviation of the received estimation of the

B-values from the B-values presented in Ref.1 does not exceed 5%.

The certificate of preform material and element contains the fol-
lowing sections:
1. Short description of preform and element (trade-marks of
applicable composites and other materials, aircraft compo-
nent, design values).

205




SECTION 1

2. Input materials for preform processing trade-marks of input

materials, fabric or tape thickness).

Processing and main parameters of process (pressure, tem-

perature, curing time).

4. Preform batch for certification (natural or model preform,
copy number, geometry, layup, average and variation coeffi-
cient of per ply thickness, nominal per ply thickness).

5. Batches of model specimens and process control specimens
for certification (specimen type and property, fabrication,
number).

6. Acceptance criteria for strength of process control specimens
(calculated at nominal per ply thickness) and for per ply
thickness.

7. Physical properties of preform material (unit mass, fiber
volume, void content, equilibrium moisture content at given
relative humidity and temperature, actual moisture content in
model specimens, glass transition temperature of dry material
and material with equilibrium moisture content).

8. Within-batch and between-batch variation coefficients for

w

analysis of A- and B-values.
9. Table of properties (specimen type, property, specimen state,
test temperature, batch average, within-batch variation coef-

ficient, specimen number, A- and B-values).

All sections of the certificate should be provided with documen-
tation references.
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TESTS AND CERTIFICATION OF AIRCRAFT METALLIC
MATERIALS AT THE STAGE OF THEIR DEVELOPMENT

A.V.Grinevich
VIAM, Moscow, Russia

QUALITY CONTROL SYSTEM OF AVIATION MATERIALS

QCSAM

QCSAM ESTABLISHES REQUIREMENTS TO THE DEVELOP-
MENT, CERTIFICATION, TESTING, APPLICATION AND ALSO TO
THE PRODUCTION TECHNOLOGY AND MATERIALS TREAT-

MENT.

QCSAM REGULATES:

PLANNING THE SEARCH AND DEVELOPMENT OF NEW
MATERIALS;

PASSPORTIZATION OF NEW MATERIALS;
PUTTING NEW MATERIALS INTO THE PRODUCTION;

CERTIFICATION OF NEW MATERIAL SEMIFINISHED
PRODUCTS, THEIR PRODUCTION, CONTROL AND
TESTING;

THE OF APPEYING NEW MATERIALS;

DEVELOPMENT OF THE NORMATIVE — TECHNICAL
DOCUMENTATION FOR METHODS, MEANS, VOLUME
AND THE ORDER OF CARRYING OUT THE CONTROL OF
SEMIFINISHED PRODUCTS CHARACTERISTICS DURING
THEIR PRODUCTION.
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96% OF ALL THE MATERIALS, USED FOR AIRCRAFT-BUILD-
ING OF RUSSIA HAVE BEEN DEVELOPED BY VIAM

VIAM DEVELOPS:

-— STEELS;

— ALUMINUM ALLOYS;

— TITANIUM ALLOYS;

— MAGNESIUM ALLOYS;

— SUPERALLOYS;

— COMPOSITE AND HYBRID MATERIALS;

— GLASSES;
— RUBBERS, SEAILANT, ADHESIVES, DYES AND OTHER

NONMETALLIC MATERIALS.

GENERAL POSITIONS

ALL STRUCTURAL MATERIALS, USED IN AERONAUTICAL
ENGINEERING, SHOULD BE PASSPORTIZED.

PASSPORTIZATION IS THE FINAL STAGE  OF VIAM WORK,
WHEN DEVELOPED THE NEW MATERIALS AND ALSO EVALUAT-
ING THE MATERIALS OF OTHER DEVELOPERS WITH THE AIM
OF THESE MATERIALS APPLICATION SUBSTANTION IN AERO-
NAUTICAL ENGINEERING.

100% OF THE MATERIALS, USED IN AERONAUTICAL ENGI-
NEERING HAVE BEEN PASSPORTIZED.

GOALS OF PASSPORTIZATION

1. PASSPORTIZATION IS THE CONSTITUENT PART OF DE-
VELOPING NOVEL MATERIALS WITH THE GIVEN PROPERTY
LEVEL.

2. OBTAINING THE SET OF DATA ABOUT THE MATERIAL,
WHICH IS NECESSARY AND SUFFICIENT FOR TAKING THE DE-
CISION CONCERNING ITS USE IN AERONAUTICAL ENGINEER-
ING.

3. REVEALING THE MATERIALS DISADVANTAGES AT ITS
DEVELOPMENT STAGE. '

PASSPORTIZATION FUNCTIONS

1. DETERMINATION OF THE MATERIAL DEFINING CHAR-
ACTERISTICS — COMPOSITION AND STRUCTURE.
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2. DETERMINATION OF THE WHOLE SET OF PROPERTY
AND QUALITY PARAMETERS OF THE MATERIAL.

3. FIXATION OF THE BOUNDARY CONDITIONS OF THE
MATERIAL PRODUCTION TECHNOLOGY.

4. ANTICORROSION AND EROSION PROTECTION REGU-
LATION.

5. FORMATION OF THE MATERIAL USAGE CONDITIONS IN
AERONAUTICAL ENGINEERING.

6. CONFIRMATION OF THE MATERIAL READINESS FOR PI-
LOT PLANT PRODUCTION AND SUBSTANTIATION OF TECHNI-
CAL SPECIFICATIONS REQUIREMENTS.

PASSPORTIZATION STAGES

1. TECHNICAL TASK (ON THE BASIS OF VIAM OR OTHER
ENTERPRISES DEVELOPMENTS, APPLICATION OF DESIGN BU-
REAU.

2. PASSPORTIZATION PROGRAM, INCLUDING TYPES, VOL-
UMES AND TESTING TIME.

3. CONTRACT (EXPERIMENT, TECHNICAL SPECIFICA-
TIONS) FOR THE MATERIAL DELIVERY FOR PASSPORTIZATION.

4. MATERIAL STUDY AT VIAM TESTING CENTER INDE-
PENDENT OF THE DEVELOPERS.

5. PASSPORT DRAWING UP.
6. EXPERTISE AND OPPOSING.

7. PASSPORT APPROVAL AT VIAM SCIENTIFIC-TECHNICAL
COUNCIL. THE APPROVED PASSPORT ALLOWS MATERIAL
TESTING IN COMMERCIAL PART AND ASSEMBLIES.
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VIAM
All-Russian Institute
of Aviation Materials

Laboratories-

e
Developers Scientific Research

Quality Department

Experimental

Technical Passportization Program
Specifications
Passport
Draft
Metallurgical Experimental VIAM
Factories Batch Testin Opposing
[Pilot-Plant of the "9 F | Expertize
. . Center
Production) Material
VIAM
Scientific-Tech-
nical Council
s || peregiter
Standard Aviation Passport with
Organization Committee Application Field
Recomendations
Material
Development
in Other Temporary
Enterprises gech'n_xcal.
pecification

FUNCTIONAL INTERRELATION DURING PASSPORTIZATION
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PASSPORT CONTENT

THERE ARE 21 PASSPORT FORMS AVAILABLE, INCLUDING 8
FORMS FOR METALLIC MATERIALS, WHICH ALLOWS TO EN-
VELOP THE WHOLE SPECTRUM OF THE MATERIALS, USED IN
AERONAUTICAL ENGINEERING.

PASSPORT FOR STRUCTURAL METAL MATRIX COMPOSITE
CONTAINS:
BRIEF ANNOTATION.
COMPARATIVE PARAMETERS WITH THE ANALOGIES.
CHEMICAL COMPOSITIONS.
RAW MATERIALS.
DESIGNATION BY SEMIFINISHED PRODUCT TYPES.
RECOMMENDED APPLICATION FIELDS.
MECHANICAL PROPERTIES.
WELDING JOINTS MECHANICAL PROPERTIES.
CORROSION RESISTANCE.
TECHNOLOGICAL PROPERTIES.
. PHYSICAL PROPERTIES.
CONCLUSION OF VIAM SCIENTIFIC TECHNICAL
COUNCIL.

CLENDUE WN =

—
—_

._
¥

EVALUATION CRITERIA AND PARAMETERS INCLUDED INTO
PASSPORTS

1. STRENGTH PARAMETERS —

conpr, bearing . earing

. . b n, . . T. T
Gpos Gpy 5 Oy 5 Op; Op , ops Byt Gps Ogga-

aver?

2. ENDURANCE AND DURABILITY PARAMETERS —
. . . L, T. T . ,.T
O max (V) Npep(0), 045 6743 015 Opgps T

3. FRACTURE CHARACTERISTICS —
KC; Kgand; ch; Gfrmuon; dl/dN

netto

4. THERMOPHYSICAL PROPERTIES —

o (1/degree) — THERMAL EXPANSION COEFFICIENT,
C (kd/kg degree) — THERMAL CAPACITY;

A (W/m « degree) — THERMAL CONDUCTIVITY.

5. CORROSION RESISTANCE PARAMETERS —

Ocrs Kisees dl/dr (mm / hour);

ICC (INTERCRYSTALLINE CORROSION); EC (EXFOILIATION
CORROSION); GK (GENERAL CORROSION).
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6. TECHNOLOGICAL PARAMETERS — FORGEABILITY,
WELDABILITY, CASTING PROPERTIES.

7. SPECIAL PROPERTIES — ADHESION, FRICTION COEFFI-
CIENT, TOXICITY, FLAMMABILITY A. O.

8. ELECTROMAGNETIC PROPERTIES — CURRENT CON-
DUCTIVITY, ELECTRICAL RESISTANCE, MAGNETIC PROPERTIES.

9. TECHNICO-ECONOMICAL VALUES — RAW MATERIAL
DEFICIT, WASTES UTILIZATION, YIELD, LABOUR CONSUMPTION
FOR PARTS PRODUCTION.

REGULATION OF TEST TEMPERATURE LEVELS

1. FOR METALLIC ALLOYS, OPERATING AT NORMAL TEM-
PERATURES —

Op; Og9 0y KCU
ARE DETERMINING AT THE FOLLOWING TEMPERATURES: - 70°C,
+20°C, +80°C.

2. FOR THE ALLOYS, OPERATING AT CRYOGENIC TEM-
PERATURES — ‘
Og; Coq 03 KCU
ARE DETERMINING AT THE FOLLOWING OPERATING TEM-
PERATURE RANGE: (—70°C, —130°C; —196°C). »
3. FOR THE ALLOYS, OPERATING AT ELEVATED TEMPERA-
TURES
Gp; 00250
ARE DETERMINING IN THE OPERATING TEMPERATURES RANGE
WITH THE INTERVAL:
25 — 50°C FOR ALUMINUM AND MAGNESIUM ALLOYS
50 — 100°C FOR TITANIUM ALLOYS AND SUPERALLOYS
100 — 300°C FOR REFRACTORY ALLOYS
MAXIMUM TEST TEMPERATURE SHOULD BE 25—100°C
HIGHER, THAN THE RECOMMENDED ONE, IN ORDER TO RE-
VEAL THE ALLOY CAPABILITY RESERVES.

4. STRESS RUPTURE AND ULTIMATE CREEP STRENGTH
ARE DETERMINED AT 2—3 TEMPERATURES.

ADDITIONALLY THE STRESS RUPTURE OF NOTCHED
SPECIMENS IS DETERMINED AT THE MAXIMUM OPERATING
TEMPERATURE AND AT THE TEMPERATURE OF PLASTICITY
DROP.
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TEST VOLUME REGULATION

1. SPECIMENS FOR ALL TYPES OF SHORT — TERM TESTS

compr, bearing

(Co25 Toa™s Gop ™5 Ops Ty 8 W3 KCU; o)
ARE SELECTED OF NOT LESS, THAN 3 MELTS; IN THIS CASE
NOT LESS, THAN 20 SPECIMENS ARE TESTED FROM EACH
MELT.

2. ENDURANCE LIMIT (6_; 6, IS DETERMINED AT THE
MAXIMUM AND ROOM TEMPERATURES AND FOR OF INTER-
MEDIATE TEMPERATURES, AND FOR NOTCHED SPECIMENS IT
IS DETERMINED AT THE ROOM AND MAXIMUM TEMPERA-
TURES.

LOW CYCLE FATIGUE IS DETERMINED ON THE BASE OF:

— 10°... 2+ 10° FOR STRUCTURAL MATERIALS

— 5+10° FOR SUPERALLOYS.

LOW CYCLE FATIGUE FOR EACH TEMPERATURE LEVEL IS
DETERMINED ON NOT LESS, THAN 15 SPECIMENS.

3. STRESS RUPTURE AND CREEP

T, T
Gr ’ G0.2.’t

ARE DETERMINED AT 2—3 TEMPERATURES, INCLUDING ALSO
THE MAXIMUM RECOMMENDED ONE. NOT LESS, THAN 12
SPECIMENS ARE TESTED FOR EACH TEMPERATURE LEVEL.

4. CRACKING RESISTANCE CHARACTERISTICS K ARE DE-
TERMINED AT THE ROOM TEMPERATURE AND FOR HIGH-
STRENGTH STEELS THEY ARE DETERMINED ALSO - 70°C.

THE LIST OF CHARACTERISTICS IS ESTABLISHED BY QUAL-
ITY DEPARTMENT, DEPENDING ON THE PART DESIGNATION
AND SEMIFINISHED PRODUCT TYPE.

5. CORROSION TESTS ARE CARRIED OUT, DEPENDING ON
THE MATERIAL SEMIFINISHED PRODUCT TYPE. THE VOLUME
AND TEST CONDITIONS ARE SPECIFIED FOR EACH DEFINITE
SEMIFINISHED PRODUCT.
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RATIONING OF ADVANTAGE QUATUM (METALLIC MATERIALS)

N [PROPERTY PARAMETER PROPERTY LEVEL |Quata not
DESIGNATION less than
UNITS (%)
2
1 |STRENGTH Op (kgf / mm’) 140 6
100—140 8
40—09 10
25—39 10
1,,,, (kgf / mm?) ALL VALUES 5—10
2 |[ENDURANCE AND ( 2)
DURABILITY C_,; (kgf/mm ALL VALUES 10
O ax(N) (kgf/ mm?) 5
for high-strength ma- 50
N (cycle) ferials
for medium-strength 100

materials

o’ (kgf/mmz) 5—10

T

7 (hour) depending on the 50— 100
¢ temperature level
3 |FRACTURE ond
Ky, K¢, K
CHARACTERISTICS ALL VALUES 10
(kgf/ mma'l?')
dl/dN (mm / cycle) 10
4 |CORROSION 2 . _
oo O (kgf/mm?) ALL VALUES 5-10
K1scc (kgf/ mmyg) 5
OK, Ac,, Nl 40

DECISION OF VI A M SCIENTIFIC TECHNICAL COUNCIL

APPROVAL OF THE PASSPORT IS CARRIED OUT FOR NEWLY
DEVELOPED MATERIAL WITH THE MATERIAL RECOMMENDA-
TION FOR TESTING UNDER PRODUCTION SERVICE CONDI-
TIONS WITH THE SPECIFICATION OF THE .FLYING VEHICLE
PARTS OR ASSEMBLIES FOR WHICH THE MATERIAL HAS BEEN
DEVELOPED, AND THEIR OPERATING CONDITIONS.

TECHNICAL SPECIFICATIONS (TS)

1. ASSORTMENT AND ALLOWANCE FOR SIZES.
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2. CHEMICAL COMPOSITION, LIMITATIONS FOR IMPURI-
TIES AND CONTENT.

3. TECHNOLOGICAL CONDITIONS FAULTS ULTRA-SONIC
CONTROL.

4. MECHANICAL PROPERTIES (min) — oy; ,,; FOR DIFFER-
ENT DIRECTIONS (L AND 7).
5. TEMPORARY CONTROL FOR CRACKING RESISTANCE

(K, and LCF) CAN BE USED FOR THE MOST CRITICAL SEMI-
FINISHED PRODUCTS OF A GRADE.

TESTING EQUIPMENT
VIAM

1. INSTRON P _ =51tf 10 tf, 20 tf.

max

(Static tests) T'=—196°C ... 450°C.

2. MITS; 8190 MODEL.
P .= 5tf 25 tf, 50 tf, 100 tf, 250 tf.

max

(ALTERNATIVE LOADING)
Temperature cabinet: T= —196°C ... 350°C.
High-temperature furnace: 7= 1000°C.

3. 28T 3/3 P .=3tf, T= 600°C;

max

P .=3tf, T=1000°C.

max

VIETA (ZST 2/3)
P _=31tf, T=1200°C.

max

(STRESS RUPTURE AND CREEP).
4. SPECIAL TESTS TREATMENTS.

219




SECTION 1

DETERMINATION OF METALLIC MATERIALS DESIGN
CHARACTERISTICS KC AND CRACK GROWTH RATE
ACCORDING TO AP-25 REQUIREMENTS

V.V.Konovalov, A.G.Kozlov, W.J.Senik
TsAGI, Zhukovsky, Russia

LB.Ginko, V.V.Kashirin, G.G.Mazurenko

Tupolev Aviation Scientific Complex, Moscow, Russia

The development of new Airworthiness Regulations AP-25 where
fatigue strength ensuring for the airframe at the stages of design and
operation is based on the damage tolerance concept required
standardizing of design characteristics acquisition for the materials
used for residual strength and crack growth rate evaluation. This
report contains the approaches to form basic and design

characteristics K, (K,, and K, ) and crack growth rate for metallic
materials according to AP-25 requirements. The algorithms are
presented for basic and design characteristics analysis in a case of
necessary primary data lack.

The basis characteristics are understood as the average ones.

The design characteristics are determined from the basic ones by
means of introducing appropriate factors. When the design
characteristics are specified, the following things are used:

a). statistical parameters, characterizing material properties —

average and scatter;

b). parameters considering the representativeness and the

volume of input data.

Statistical characteristics K., K, and crack growth rate are

evaluated from the assumption of normal distribution laws for K, and

K., and lognormal distribution for crack growth rate (v). Here the
requirements to the minimum volume of prepreg and specimen tested
is no less than 3 items for prepregs and no less than 3 items of each
prepreg — for specimens. The requirements mentioned are valid in
the case of stable material production.

When there are less than three samples, scatter received S (S —
scatter defined as root mean square deviation) can be corrected as

follows. For the case of one sample from the assumption of S, =S,
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where S and S, are, respectively, inter-and in-sample scatter, the
correcting factor is 1.4. Then using linear interpolation we get

one sample — S, =148,

anal =

two samples — §_,=128,

anal —

three and more samples S, ,=S where S , is the scatter value
considered; S is the scatter value from the statistical processing.

The performed check of this assumption for several materials
showed rather satisfactory results for using such approach.

Basic and design characteristics of crack growth rate are assumed
to be parameter values of approximating expressions, establishing the

functional relationship dl/dN = fiK), where K stress intensity factor
scatter in the loading cycle. Three most common expressions are

selected.

Erdogan equation. At A K, <K<K /2, where K, — threshold
stress intensity factor

K, =K/(1-RY,
where: R — asymmetry;

p — parameter.

The first approximation of A can give A = 2.5.
v=CKy}

‘Forman equation. At K,>AK,

v=Cy(K" /(1-R)K,-K)

Collypriest equation. At any K,

v=C,(1e(K, . /K,)/1g(K,/K,))
When producing crack growth rates the following three
asymmetry values are advisable: R=0; R=0.5; R=—1.

There are two procedures for crack growth rate analysis using
characteristics received. Either the analysis is carried out using basic
(average) characteristics and then the resultant life is divided by the

factors given below, or at first the values C,, C, or C, are multiply by
the factors given below and then crack growth rate is calculated. The
first procedure is preferable as any error is excluded in this situation
dealing with nonlinear accumulation when the models are used taking
into account crack growth retardation after long tension cycles.
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Safety factors being the multiplys either of C,,C,,C,, or of crack
growth rates are calculated as follows:

K= klk‘zk;&km
where £k, — safety factor for material property scatter;
k, — safety factor for test data representativeness;

k, — safety factor for environmental effect {£,>1.5, when
environmental effect must be considered);

k, — safety factor for structural element type (k=1 for
structural elements having multi-path load transfer and k,=1.5 for
single path load transfer).

The value of k, is assumed due to design scatter S anal
according to the following table:

S 0.1 0.2 0.25 0.3

anal

k, 2.0 3.0 3.5 43

Linear interpolation is used for intermediate values. The above
table is formed in the following way. It is assumed that for the

=0.1)

anal

safety factor value is k,=2. This includes both material scatter safety
factor and safety factor (1.37) for structural features of the element
(joint) as compared to the specimen being the basis for evaluation of
material characteristics. If the probability level to define the lower
scatter boundary is assumed to be 95%, then the following relation is

standard scatter typical for principal structural materials (S

used to form k&, value:

k, =1.37-10

1.645>Sa,m,

Safety factor k, is equal to 1, if all the requirements to the
volume and the representativeness of test data are satisfied. Otherwise

k, is defined as
k, = k,k,, where

k,, — safety factor for the approximate determination of the

average. This factor is calculated by the 90% Student quantile; k,, —
safety factor for insufficiently representative range K of test points in
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the diagram v — flK). The range is considered representative, if test
points are situated from K=2.5+K/) to K/2. Otherwise

ky,=0.95 + (IgK_-IgK,, -0.7) /[20(lgK, -IgK )],

where K, and K, are, respectively, maximum and minimum

values of K in the whole totality of test data.

Basic characteristics of static crack resistance K, and K, are
determined as average values in the whole totality -of test data. In case
when to define K, the specimens of different width are used, then due
to KCy relationship with the specimen width it is necessary to
recalculate K, values to one specific width. For example, for skin

materials the standard specimen width W is assumed to be 750 mm or
1200 mm. The following formula can be used for the recalculation:

K. (W) = K, W)W,/ W,)”, where

Kcy(W) — KCy value at the specimen width W; W, and W, are

respectively, the 1st and the 2nd specimen widths. B is a test
parameter for each material (the first approximation of this value can

give B = 0.5).
The determination of statistical characteristics follows the
recalculation by the width. Herein it is convenient to present the

scatter in terms of variation coefficient K =S, .,/K., (or S, /K,y).

Design characteristics (K,¢)g,, and (Kp,)q, are defined from the basic
ones by means of the latter division by the following safety factors:

for K¢ (Kio)aee = Ko/ (k)

for Ko, (Keaee = Kof(R R ER,), Where

k, — safety factor for material property scatter;

kp — safety factor for representativeness of test data;

k, — safety factor for recalculation by the width for K., values.

Safety factor ks is assumed depending on variation coefficient in
accordance with the table.

K. 0.05 0.08 0.12 0.20
war

kg 1.1 1.2 1.3 1.6
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The table is formed on the basis of assumption that a standard
variation coefficient is equal to 0.05 and safety value corresponding to
the probability 95%. Therefore safety factor is calculated by the
formula

k,=1/(1-1645K,,)

Safety factor kp is introduced when test dada are insufficient in
volume and it is connected with the inaccuracy of average
determination. It is defined by 90% quantile for the average using the
known formulas and tables.

Safety factor k, is introduced when ‘K. is recalculated for
different widths. It is defined as follows. For the structural elements
whose width does not exceed the width range of the specimens used

for K, calculation, safety factor £, = 1. Otherwise safety factor value is
defined depending on the fact how much the considered structural
element width exceed the tested specimen width range. After the
analysis of possible error conducted using some most common

materials the following table of safety factors was formed versus dW
value, where

dW=W,

max(min}

(W,,mx(,m”) — maximum or minimum test specimen width, W, —
Wldth of the calculated structural element).

-W

e’

dW, mm <50 <200 < 500 > 500

k 1.00 1.03 - 1.06 1.10

w

If the calculated element width exceeds the specimen width, then
the safety factor &, =1.

The approaches submitted above were used to form the design
characteristics of principal structural materials utilized in Structurally
Significant Items of IL-96 and TU-204 aircraft. These results and the
accumulated statistics enable to apply the suggested approach for
other aircraft structures.
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ALTAI SYSTEM FOR STRUCTURAL DAMAGE
TOLERANCE ANALYSIS

A.D.Dementev
TsAGI, Zhukovsky, Russia

Description is provided of the ALTAI system that analytically
predicts residual strength and crack growth rates for complex struc-
tural components.

The experience in working with various structures convincingly
shows that it is impossible to avoid occurrence of defects (both due to
manufacturing errors and occasional) and cracks (due to fatigue
and/or corrosion). Development of damage tolerant structure is a
reliable method for ensuring safe operations. The damage tolerance
analyses can be unified (which is extremely desirable at the stage of
airframe certification under NLGS-3, AP-25, FAR-25, etc.), and the
theoretical study labour requirements reduced, by using the ALTAI
damage tolerance analysis system. It is composed out of four subsys-
tems:

— stress intensity factor (SIF) calculation;

~— system adjustment modules;

-— residual strength calculation;

— crack growth prediction.

The system has a graphic menu interface. The code length is

more than 12000 C++ operators; the object oriented programming
technology is used.

SIF calculation subsystem

It relies upon a SIF database that makes it possible to form a so-
lution for a SIF either in a numerical form or as an approximating
function. Currently, the database includes about 70 solutions (for
through, surface and corner crack in plates, pipes, bars, shells around
stress concentrations and in stiffened panels). The subsystem menu
may be seen in fig. 1. The user is allowed to build up complex SIF
solutions from those included in the system (by compounding or
superposing the previous solutions); this stage is performed by ALTAI
automatically.

System adjustment modules

They enable the user:
— to obtain a copy of the data entered;
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— to define the system of units for work, including the Russian
technical, SI, and customary;
— to convert the calculation results to alternative units systems.
The subsystem menu may be seen in fig. 2.

Residual strength calculation subsystem

It computes the residual strength by using:

~— the linear elastic fracture mechanics;

— the E.M.Morozov's approach [1];

— the G.I.Nesterenko's approach for stiffened panels [2].
The subsystem menu may be seen in fig. 3.

Crack growth calculaticn subsystem

The subsystem calculates the fatigue crack growth duration,
taking into account interaction of loads. It can operate in the cycle-
by-cycle and quick calculation working modes; the latter reduces the
calculation time by a factor of 3 to 100. The user .is offered the crack
rate equations by:

—— Forman;

— Walker or;

— Walker-Chang.

Load interaction can be estimated by the following models:

— mno load interaction;

-— Wheeler's;

-— generalized Willenborg model;

— model by Willenborg and Chang.

Fatigue loading is assumed to consist of a sequence of various-
type flights (subblocks); one can specify periodic flights (subblocks) in
the sequence, as well as periodic load steps in any flights (subblocks).

The subsystem menu may be seen in fig. 4.
Conclusion

"ALTAI" damage tolerance analysis system is proposed. It com-
putes stress intensity factors for sophisticated structural areas and then
evaluates residual strength and crack growth duration.
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THE FEATURES OF AIRCRAFT STRUCTURE FATIGUE
RESISTANCE CERTIFICATION AND AIRWORTHINESS
MAINTENANCE IN CONTEMPORARY CONDITIONS

V.L.Raikher, V.S.Dubinsky, G.I.Nesterenko, Yu.A.Stuchalkin
TsAGI, Zhukovsky, Russia

INTRODUCTION

Well-grounded and practically proved normative state documents
dealing with structure strength is one of the most important conditions
to ensure aircraft safe operation. Standards in the countries with the
developed aviation turned out to start the complete systems of re-
quirements in all principal strength aspects such as static strength,
aeroelasticity and since 1950th fatigue strength and damage tolerance.
Normative strength requirements in our country were developed since
1920th [1] and present the complete system of normative documents
[2,3,4].

Due to traditions and evolution features of every country national
regulations had definite differences in "the philosophy"”, approaches
and specific regulations. These differences were as a rule very small in
such so to say "classical” field as static strength, but they increased
when some new problems arose (e.g. aeroelasticity or so called
"temperature” strength problems) and turned out to be rather sub-
stantial in such "youngest" direction as providing fatigue strength and
damage tolerance.

Long-term and relatively independent development resulted in
the definitely marked approaches: American one under "ideological”
leadership of the USA, Western European one and Eastern European
one having the USSR as a leader. The difference among these
"technical regions” appeared most noticeable when normative ap-
proaches to provide fatigue strength and damage tolerance of the
stracture were developed. The present report is devoted to this most
important and promoting most hot discussions problem.
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BACKGROUND IN THE STANDARDS OF FATIGUE STRENGTH
AND DAMAGE TOLERANCE

Western European approach was strongly affected by two acci-
dents of English passenger airplane Comet I in the mid 50th caused
by fatigue damage of the pressurized body. By this reason great at-
tention was paid to fatigue strength problem for a well-grounded fore-
cast of fatigue failure moment. Long-term and expensive full-scale fa-
tigue strength tests were conducted during these years for many times
of service life that compensate a huge life scatter typical for fatigue. It
further turned out to form mainly by European efforts the concepts
and approaches to generate unified programs for full-scale tests which
then transformed into well-known nowadays programs — simulators of
actual loading of TWIST type. Wide investigations of aircraft structure
loading in actual operation were started; fundamental and well-
grounded generalizations of these data were for instance included in
the data bank ESDU well-known and widely used all over the world.

All these approaches affected significantly the "ideology” of stan-
dards. In particular, one of the principal roles in English normative
requirements BCAR of that time [5] was played by the regulations in
fatigue strength containing rather detailed and specific notes dealing
with the reliability factor values for fatigue life relative to the test re-
sults. Some importance was also given to ensuring safety thanks to in-
time detection of the initiated fatigue crack, but this "normative di-
rection" was not developed so carefully as the first one called safe life.

Home approach in its early years (in the fifties) was greatly af-
fected by the European "ideological" influence up to the fact that in
the first versions of Civil Aircraft Airworthiness Regulations (NLGS-2)
[2] the only concept for ensuring safety during long-term operation
was safe life. There were however just doubts in the reliability of safe
life forecast, in the maintaining during decades of those operational
conditions that were assumed at such forecast and, finally, in the fa-
tigue phenomenon as the only safety challenge. These doubts were
answered by the system of reliability factors; by the increase in the
number of the tested full-scale structures including those having
operational life. For example some 4—6 copies of full-size airframes of
such airplanes as Tu-104, 11-18, An-24 were tested. The collection and
processing of load factor occurrence rate from the permanent board
emergency recorders were extended for the principal types of passen-
ger airplanes; cumulative operation time being the base for such sta-
tistics reaches almost 1.5 million flight hours [6].

Very effective in the situation of separation between design bu-
reaus and manufacturers appeared the assumed in our country origi-
nal monitoring procedure based on the idea of continuous step-by-
step extension of operation time limitations, carried out in the form of
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establishing current (prolonged) values of the Specified Time Limits in
the range of the claimed Design Goal Life and further. While the next
(prolonged) Specified Time Limit is established "validity reassessment”
(life and loading forecasts for the next stage) is performed. On the
basis of actual technical state analysis for the aircraft fleet and its
leading (candidate) fleet both more accurate correction of specific
conditions for the current Specified Time Limit and the control of the
adequacy and the reliability of the general approaches are conducted.
Such approach possibilities were provided first by the features of our
state evolution based on the rigid administrative command principles
and second by the unique home civil aviation that was gathered to-
gether in the only airline "Aeroflot".

Due to "the world environment", particularly, American influence
and own experience the home system of ensuring safety was system-
atically and significantly transformed. The most serious effect had the
accident with the An-10A aircraft near Kharkov in 1972, caused by the
multiple fatigue cracks in the wing lower surface skin and stringers in
the joint along the aircraft centerline. Some of the most important
stages in development of the home fatigue strength and damage toler-
ance standards were the Chapter 2 to Chapter 4 NLGS-2 dated
Dec. 25, 1976 [3] as well as the third edition of Civil Aircraft Airwor-
thiness Regulations (NLGS-3) [4], where Damage Tolerance concept
was introduced as a normative approach together with (that is having
equal rights) Safe Life concept. There was much freedom in the selec-
tion of any of these two concepts to ensure safety.

Damage Tolerance concept was extensively used in practice on
the basis of home "Operational Survivability” concept including both
Damage Tolerance and Fail Safe concepts. Fail safe properties are
proved by the required residual strength control of the structure with
standardized damages like two-bay cracks in the skins and panels or
fully-broken spar cap with the adjacent skin and web details etc.
"Operational Survivability” concept is used as Fail Safe concept for a
great number of structural elements, where multi-path load transfer
and redundancy of connections (fittings for high-lift wing structure
and control surfaces, fittings for engines, empennage, double lugs,
multi-strut landing gear etc.) are assumed. Our aircraft operation ex-
perience showed that the application of "comprehensive" concept of
"Operational Survivability" in some cases helped to prevent cata-
strophic damages of aircraft in the situations when rather high re-
quirements to damage detection services were not satisfied by some
aircraft companies.

American approach to standards [7] absorbed the experience of
very intensive and long-term operation of great aircraft fleets includ-
ing very many different types operated all over the world by a large
number of companies differing greatly in their level. The reaction to
this experience was very active and gave the belief that "classic” fa-
tigue is not the only problem connected with structure safety ensuring
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at long term operation. Two more factors are not less important, i.e.
corrosion of various types (including its combination with fatigue) and
accidental damages in operation (and in production) that are active
initiators of fatigue crack growth.

The desire to cover all the three danger sources first gave rise to
Fail Safe concept containing the provision of such reserve of load
paths in the structure, the certainly detectable in operation full failure
of one load transfer paths would not decrease strength below the tole-
rant level (as a rule, being 67% of ultimate load). This concept has
long ago (since the late fifties) became dominant in the American ap-
proach that unfortunately immediately affected the practice of activi-
ties, particularly, experimental, held to ensure safety. It may be re-
membered, for example, the fatigue strength tests of the airframe
(wing, body and empennage as a whole} of Boeing 747 were the short-
est in the history of modern civil aviation and were completed after
laboratory tests for only one Design Goal Life instead of common 3 to
5 lives. Full scale tests of Boeing 737 whole structure were not con-
ducted at all, just the body having operational life was tested.

However, the assumption of the comprehensiveness of Fail Safe
concept (like Safe Life concept was considered a panacea in the home
requirements at the same time) again contradicted the service experi-
ence. In the seventies "ideological victory" was won by the above-
mentioned Damage Tolerance concept assumed in the home [3] and
then in the American [7] regulations. As already stated it was used in
our requirements on an equal footing with Safe Life concept, while the
American approach (rather in the technical policy of state certification
authorities than in the formal way) gives the Damage Tolerance con-
cept practically absolute priority presenting as an example the oppor-
tunity to use Safe Life concept for landing gear structure.

CONTEMPORARY FATIGUE STRENGTH
AND DAMAGE TOLERANCE STANDARDS

Now the essence of all the three above concepts of ensuring
safety, their features and interaction is rather clear to all developed
aircraft states of the world (including, of course, our country). Objec-
tive prerequisites for harmonization of national normative require-
ments dealing with safe operation of aircraft structures became urgent.
International Civil Aviation Organization (ICAO) created in the seven-
ties and its Technical Committee publishing the generalized normative
documents [10], as well as Joint Aviation Administration (JAA) created
in the eighties contributed this.

Harmonization of European and American normative require-
ments in the problem considered was based on the practically full
adoption in the Joint Aviation Requirements (JAR) [8] of the general
requirement text of 25.571 from Federal Aviation Regulations (FAR} of
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the USA [7]. This seemed to be the just recognition of the great and
really "pioneer” contribution of the USA into the development and
practical approbation of the methods for solving this serious problem.
True, some practical important moments were added to JAR 25.571
that enable the decrease of the required residual strength in the case
when the initiated damage is easily detected during short time of ope-
ration. Besides as it could have been expected all the previous expe-
rience of European countries was maintained in the form of specific
(and often quantitatively different) "standards" of various aircraft
manufacturers, in particular, reliability factors and other technical as-
pects.

NEW HOME AVIATION REGULATIONS

General

In the nineties the necessity arose to harmonize home standards
with those that are today almost world-wide normative requirements to
ensure aircraft structure strength and particularly the problem dis-
cussed herein. The activities in general were leaded by Aviation Regis-
ter of Interstate Aviation Committee while specific developments
dealing with strength standards were traditionally carried out by
TsAGI experts in cooperation with experts from the leading aircraft
design bureaus. Similar to the harmonization principles adopted ear-
lier by the western countries for the requirements of FAR 25.571 and
JAR 25.571 devoted to ensuring safety during long-term operation, it
was decided to base home Aviation Regulations (AP 25.571)[9] on the
American standards as the corresponding home requirements (section
4.9 of Civil Aircraft Airworthiness Regulations edition three [4]) were
"ideologically” close to the requirements of FAR 25.571. Some signifi-
cant changes were meanwhile introduced into the general
"philosophy” of safety ensuring. First it was assumed necessary to
consider possible corrosion and accidental damages besides the fa-
tigue ones. Second Safe Life concept is only used when the Applicant
proves that damages tolerance concept does not work in this particu-
lar structure.

It was simultaneously assumed valid that some principal moments
approved by the years of home aviation history should be reflected
rather in the basic general requirements than in the additional norma-
tive documents.

The following three moments are included into such most princi-

pal problems:

— home monitoring "technology” based on the idea of step-by-
step establishing (prolonging) of Specified Time Limits
alongside with the appropriate changes (if necessary) in the
service documents considered;
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— priority value of full-scale structure test results as compared
with analytical methods;

— similarity of the inspection threshold (when Damage Tole-
rance concept is used) and safe life terms as far as the order
and the methods of their definition and establishing are
considered.

The rest more specific standards contained in Civil Aircraft Air-
worthiness Regulations and having up to now the position of obliga-
tory requirements are, in general, maintained, however, noticeably
changed to be included into the newly made normative document of
"the second level” — Methods of Compliance Definition
(MOS 25.571). This document has the position of an advisable one like
the US Advisory Circular (AC 25.571) or European Advisory Circular
(ACJ 25.571). The detailed consideration of this rather large document
cannot be performed in the boundaries of this report. But some its
most important things may be discussed in short in the last part of the
report.

Monitoring procedure

The assumed home practice of step-by-step prolongation of the
Specified Time Limits seems clear without any comments. However, is
should be noted that it only differs in form from the similar foreign
procedures meant to provide the opportunity for the required changes
in the conditions of Design Goal Life (and longer) work out. The effi-
ciency of obligatory and centralized actions during the step-by-step
life prolongation must have been more significant in contemporary
conditions if there were very many small airlines having no adequate
experience and skills. But instead of its adequacy in home conditions
approved by years some difficulties can arise in the mechanism of
providing this procedure in the specific conditions when certification
is performed for a foreign "user". That is why principal (obligatory)
requirements of AP 25.571 do not insist on such procedure referring to
MOS 25.571 for details, but regulate just the necessity of some moni-
toring procedure, providing equivalent level of safety. Let's quote the
addition (a)(4) to the original (a} of FAR 25.571, included into
AP 25.571:

— {4) The documentation developed in accordance with (a)(3)
shall be periodically reviewed on the base of taking into ac-
count and analysis of investigations and test results and also
the considered aircraft type service history being accumu-
lated. The procedure shall be determined to provide the
reliability and appropriate timing of this analysis. The recom-
mendations contained in MOS 25.571, part 1 can be used to
determine this procedure or the any other procedure can be
used to provide the equivalent safety.
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Full-scale siructure tests

Home Airworthiness Regulations paid much attention to fatigue
strength full scale laboratory test result themselves (including both fa-
tigue crack initiation moment and their growth way and time}. It can
be said that there are no types of home aircraft whose full scale struc-
ture was not fatigue strength tested having large reliability factors in
life relative to the Design Goal Life. As mentioned above several air-
craft copies were tested in some cases including the structures having
operational life. The experience showed that test costs (certainly, at
the reasonable test volumes) are surely compensated by the significant
increase in the structure quality and reliability assurance. First, more
complete detection of its critical sites is provided and particularly of
probable multiple site damages. Second, the reliability of actual life
property definition increases greatly including crack growth stage
considering structure features and its production technology. Analyti-
cal methods of life determination both at the stage before detectable
crack initiation and at their growth stage always left much place for
doubts especially in the complicated structural zones of primary joints
under multi-component loading and multi-axial stress-strain state. All
these considerations resulted in the most close maintenance in the
obligatory requirements of AP 25.571 (and even more in recommenda-
tions of MOS 25.571) the very "experimental emphasis”, typical for
Civil Aircraft Airworthiness Regulations. The phrase "by the analysis
supported by tests" was changed for another phrase "by tests and/or
analysis" in all positions of AP 25.571 as compared to FAR 25.571. The
dominations in MOS 25.571 are much better specified: the first signifi-
cance is given to the direct full-scale test results (or structural mem-
bers equal to them), the second one is given to the indirect full-scale
test results recalculation for other critical zones of the same structure,
and finally, analysis results.

Safe life

Home certification practice gained large experience of Safe Life
concept utilization. This experience witnesses, for example, that Safe
Life concept should be used for critical zones where multiple-site fa-
tigue cracks can initiate having very small sizes and hardly detectable
while their junction cam result in drastic failure. Such critical zones
are longitudinal splices and joints of the pressurized body irame,
transverse wing splices and other members. Safe Life concept usage is
also reasonable for such structural zones whose damage and compli-
cated repair in the range of the design operational life leads to the ex-
treme increase of costs for the aircraft itself and those connected with
the forced lost of time.

The concern dealing with drawbacks of this concept is quite
natural. Home experience has a great number of examples where the
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"failures” took place during forecasting operational life. However this
experience can be in general qualified as positive, as Safe Life concept
usage correlated reasonably both with Damage Tolerance concept and
Fail Safe concept. Really, the most important technical document be-
ing the basis of step-by-step monitoring methods is the Regulation for
Specified Time Limits (initial or next prolonged) establishment. It con-
tains three obligatory Appendixes, being the integral part of any
Regulation.

The first Appendix is a list of members to be replaced during the
prescribed life, the second one is a list of structural parts {zones) and
members to be adjusted (repaired) during the prescribed life. The
items of these two lists and schedules are defined by safe life analysis
results. The third Appendix is a list of structural zones to be inspected
during the established prescribed life. The items of this list, control
methods and tools as well as schedules, i.e. the inspection threshold
and inspection interval are defined by damage tolerance analysis re-
sults.

It should be noted that contradiction of three currently formu-
lated safety ensuring concepts is not considered constructive even by
the leading American certification experts [11]. Any of these concepts
alone is unable to solve as a whole such most difficult problem as
safety ensuring from the point of view of structural strength.

At the same time reasonable correlation of various aspects of one
or other concept appears quite useful from the point of view both of
safety and economics. For example, natural caution during the estab-
lishment of the inspection threshold for damage tolerant structure
seems absolutely valid due to possible initial flaws (manufacturing or
operational). Similar caution should also cover the procedure of safe
life determination in case the structure allows these flaws. Strict rec-
ommendations about the necessity to consider the initial flaw during
safe life determination are given in MOS 25.571. On the other hand
the structure by the inspection threshold must maintain the residual
strength enough for recognition of damage tolerance presence. Taking
into consideration the above mentioned similarity the same structure
state may be considered the end cof safe life.

All these considerations are paid attention to. during formulating
home requirements of (¢} in AP 25.571 in the following form:

(c) Fatigue (safe-life} evaluation.
Compliance with the damage-tolerance requirements of para-
graph (b) of this section concerning inspection interval de-
termination in accordance with (a)(3) is not required if the
applicant establishes that their application for particular
structure is impractical. This structure must be shown by
analysis, supported by test evidence and analysis, to be able
to withstand the repeated loads of variable magnitude ex-
pected during its service life without detectable cracks de-
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creasing residual strength and residual rigidity more than
25.571(b) indicates. '

Unlike the same paragraph text in FAR 25.571:

~ {c) Fatigue (safe-life} evaluation.

Compliance with the damage-tolerance requirements of para-
graph (b) of this section is not required if the applicant es-
tablishes that their application for particular structure is im-
practical. This structure must be shown by analysis, sup-
ported by test evidence to be able to withstand the repeated
loads of variable magnitude expected during its service life
without detectable cracks.

MOS 25.571 RECOMMENDATIONS

As it was already mentioned special attention at the harmonization of
home and foreign normative requirements was paid to providing those
principal methods and safety ensuring system having official reflection
in Airworthiness regulations [3,4] and having proved its high effi-
ciency during long-term operation of our aircraft fleets. Principal items
of this system, maintained in MOS 25.571 . recommendations, were
considered in a quite detailed way in Ref.[12,13]. Some important as-
pects of the home system are to be noted that are though similar to
the foreign approaches however have some home special features.

Much attention was paid to the development of lists with Super-
duty Elements and Critical Structural Items. These terms are similar to
foreign terms Principal Structural Elements (PSE) and Structurally
Significant Items (SSI). Superduty Elements are those whose single
failure (for example, fracture) leads to accidental or catastrophic situ-
ation. Critical Structural Item is a structural zone where dangerous
damage can initiate during operation, therefore such zone requires
special attention. The a priori version of this list used at design and
generation of programs for full scale fatigue strength tests must be
corrected by these test results and actual operation experience. The
aircraft structure in operation is adjusted and repaired, so the list is
changed and some critical zones appear that differ from those of the
initial structure. These zones are to be analyzed like the initial ones.

The loading of critical structural elements is the principal infor-
mation required for evaluation of any life limits including the first in-
spection moment and inspection interval. It is the loading that must
be subjected to systematic monitoring for increasing forecast reliability
during the procedure of step-by-step establishment (prolongation) of
the Specified Time Limits, MOS 25.571 recommendations utilize the
specific "tools" in the form of reliability factors to stimulate actual
loading evaluation. In particular reliability factor 1.5 (or 2 in the case
of insufficient forecast at the design stage) can be decreased down to
1, if the reliable system of actual loading evaluation is upgraded, for
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‘example, using the information that can be received from on-board
emergency recorders [14] or specific means of "loading monitoring”
[15].

It should be noted that home standards have a developed system
of normative reliability factors. The formal "centralized” standards in
this field of safety ensuring {contrary to the foreign practice) without
large deviations by the design bureaus is the effective feature of nor-
mative practice in our country.. This feature is maintained in
MOS 25.571 including the approved system of reliability factors [4],
where the accumulated factor is the product of separate factors. Each
of these factors is responsible for separate important aspect of the
problem: possible errors in analytical methods, loading scatter, fatigue
durability scatter etc.

MOS 25.571 has some corrections in the system of reliability fac-
tors as compared to the Civil Aircraft Airworthiness Regulations. For
example reliability factors for life scatter during fatigue crack growth
is decreased; but an additional factor 1.5 is introduced at the same
stage to consider the unfavorable environmental effect.

During evaluation of life characteristics of Superduty Elements
under one-path loading a factor 1.5 is introduced to consider the risk
degree and damage controllability. So when Safe Life concept is used
the established operational life due to this factor actually corresponds
to the structure state close to the undamaged one or the one having
quite small damages, when the residual strength corresponds to the
ultimate load.

The text of MOS 25.571 as compared to the Civil Aircraft Airwor-
thiness Regulations is significantly enlarged in other aspects. In par-
ticular, the section "Additional notations for the composite structures”
is enlarged and corrected as the recommendations in the reliability
factor values taking into account the significantly increased fatlgue
life scatter of such structures are of great importance.

Absolutely new section "Tolerant operational life of the critical
structural element under corrosion strength" is introduced containing
recommendations in evaluation methods and the order of establishing
the schedules of the required in-service activities (replacements, re-
pairs and inspections in the range of the Specified Time Limits). Safety
ensuring connected with a possible corrosion damage initiation is
based on the "Operational Survivability” concept. Average time values
before the damage initiation and growth rate in the critical structural
elements prone to corrosion are determined on the basis of data
analysis and summation for service experience of similar structures
under the conditions close to the expected. The analysis takes into ac-
count the environment aggressiveness degree, the expected efficiency
of the specific protection and covers, the material sensitivity to all
kinds of corrosion and in particular to stress corrosion etc. When the
tolerant operational life before the inspection threshold and inspection
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interval are established the required reliability factor is assumed
(relative to the time average values). Some requirements to production
technological processes whose parameters affect the structural fatigue
strength characteristics are introduced into MOS 25.571 text due to
the great importance of this safety ensuring aspect.

Finally, the section "Damage tolerance evaluation (discrete
source)" from AC 25.571-1B draft is transferred into MOS 25.571 text
as a whole because the American experience of these requirement
application is wider than the home one.

CONCLUSIONS

1. The harmonization of home and foreign requirements to
structural safety ensuring by strength conditions during long-
term operation appeared easily carried out, because the basic
principal approaches to the problem including the most mod-
ern ones are very close. In particular an "Operational Surviv-
ability” concept is widely used for safety ensuring including
the aircraft designed earlier officially (while much earlier in
practice) since December 1976, i.e. since the introduction of
Change 2 of chapter 4 of Civil Aircraft Airworthiness Regula-
tions, edition 2.

2. The harmonization process is by no means the refusal from
the accumulated large home experience in this field having
demonstrated its high efficiency in our country. Therefore the
adoption of the current essentially common world require-
ments as national ones is accompanied by some definite dif-
ferences, taking this experience into account. Very small
number of most important differences of methodological kind
is formulated in the AP 25.571 principal requirements them-
selves, while technical and procedure features using the ap-
proved standards from the home Airworthiness Regulations
are contained in MOS 25.571 after some modifications. Such
approach to harmonization of home and foreign requirements
seems most valid.

3. The performed harmonization of home and foreign require-
ments dealing with structural safety ensuring by the strength
conditions during long-term operation is an important stage
for introducing our aviation into the world economics and the
necessary step on the way to mutual certificate recognition.
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FULL-SCALE AIRFRAME FATIGUE CERTIFICATION TESTS

K.S.Shcherban', V.M.Sin, N.G.Belyi, V.M.Strashny, I.V.Gulevsky
TsAGI, Zhukovsky, Russia

Currently, one can see the ever-growing significance of airframe
testing for fatigue in order to improve the airframes, in both Russian
and international aviation. The amount of structural analyses and
component testing at the design stage is growing, but the full-size air-
frame tests are the only measure to improve elements whose service
life is governed by — the structure manufacture/assembly process
and/or — redistribution of forces in neighboring elements under the
cyclic load.

The primary objective of the fuli-size airframe fatigue tests is to
ensure safe operation; testing is the major requirement in aviation
regulations in both Russia and abroad.

The other important objective of the full-size tests is to prepare
the inspection schedule and the in-service maintenance procedures.

In the airframe fatigue resistance improvement program the ma-
jor point is to test the airframe as a unit. Such tests make it possible,
first, to better reproduce the typical in-service loads and, second, to
avoid development of special adapters that would represent the stiff-
ness of the removed portion of the structure.

The development of the airframe loading program for lab tests
relies on two postulates:
(1) the external loads corresponding to the actual operations
should be reprecduced to a maximum possible accuracy, and
(2) the abilities of the test facilities/equipment must not be ex-
ceeded.

These requirements are completely met by programs such as
"flight-by-flight” concept with:

— random sequence of flight with various load levels, and

— random alteration of in-flight variable loads.

The development of such program proceeds from the spectrum of
variable loads expected in flight and ground conditions (fig. 1). To
derive a lab test spectrum, the whole of the load factor range signifi-
cant in terms of fatigue accumulation is subdivided into 5 levels.
These 5 levels are included into 5 flight types: A, B, C, D, and E. In so
doing, the "least severe flight" E, includes only the minimum loads,
whereas the "most severe flight", A, includes all he five levels; these
are changed in a random fashion. These five flight types are the basis
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for a block of flights; the flights in a block are mixed at random. The
total number of flights in a block is 0.1 of the airframe service life.
Further, the loading program derivation procedure (fig. 2) includes
— the development of the program layout,
-— the development of a logic of the multichannel load-genera-
tion/application system, and
-— computation of concentrated loads to be generated by the
channels.

As a rule, the program layout reflects all phases of a typical flight
and incorporates all loads to occur in ground-handling and flight
conditions.

When developing the logic of the multichannel load-genera-
tion/application system, the task is to find out a compromise between
the desire to minimize the total number of channels and the necessity
to reproduce

— aerodynamic and inertia loads acting on the wing, fuselage,

tail, wing high-lift devices, and

— loads applied to such units as the landing gear and engines.

For example, testing the [1-96 airplane required 120 channels.

The concentrated loads for each channel during each segment re-
defined by minimizing the root-mean-square deviation of a load pa-
rameter, subject to equilibrium conditions and load limitations. The
forces are determined from the condition of minimum functional:

F=(K,~K,,)

test oper
where K is the load parameter which can be assumed
a) concentrated forces P,
b) shear force §, bending moment M, , torsion moment M,

or combinations thereof,

c) normal stresses G, or tangential stresses T,
d) equivalent stresses ,being a combination of normal and
tangential stresses.

The minimum functional is evaluated under the condition of
equilibrium of the airframe as a whole:

SX=0, SM,=0,
2Y =0, XM, =0,
$Z=0, SM,=0,
and under the restriction of the concentrated loads:
P <[P],1<i<n,
where n is the total number of the channels.
The sequence of concentrated loads derived in this manner is

generated cyclically in lab conditions by using the automated complex
(fig. 3) that provides:
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— programmed cyclic loading through 200 channels,
— vibration loading at frequencies up to 50 Hz,

— real-time monitoring of loads at 1000 channels,

— permanent inspection of test structure integrity, and
— 16000 channel strain-gauging.

Monitoring of loads and airframe displacements relies on:

— force monitoring for each channel,

— measurement of extreme displacements of the airframe as a
whole, and

— permanent determination of equivalence of the actual loading
to the reference loading (fig. 4).

The force monitoring is conducted by the multichannel system. It
ensures reproduction of the prescribed force-time function (a sine rep-
resented by 25 points per a half-period) for each of the channels. If ex-
treme forces turn out to exceed limits then the system unloads the
structure by using a special subroutine. In addition, the system envis-
ages emergency unloading if some parameters become unacceptable.
Between the extremes of each segment the overshoot (or undershoot)
of forces causes the system to either retard or accelerate loading. Also,
emergency unloading is made if an airframe violates limits with re-
spect to angles of pitch, roll and/or yaw.

There is another supervision option, the real-time stress/strain
monitoring system. It measures forces at extreme points and the dis-
placements (by means of calibrated strain-gauge bridges mounted at
characteristic points of the structure}. These data are the basis for
computing integral {resulting) factors and a fatigue amount accumula-
ted during a complete flight. Thereafter, an equivalent is determined
the ratio of fatigue for an actual complete flight to the fatigue amount
for a reference flight. Deviation of the equivalent from the unity allows
to estimate an error in load mode reproduction.

The eyvperience in full-size airframe fatigue testing shows that
over 75% of calendar time is spent for structure repair after fatigue
damages. To reduce the idle time for repairs, use is made of "damaged
structure zone release" method (fig. 5). With a fatigue damage re-
vealed, the system forms a new vector of concentrated loads which
causes a lower stress around the crack (so as not to develop the
crack), whereas the rest of the structure is loaded with an acceptable
deviation. Test are continued, and simultaneously the causes of the
damage are investigated, documentation is prepared, and relevant
structural parts are manufactured. The tests are only ceased when the
structure itself is being recovered. After the repair the tests are con-
tinued obeying the original program.

In the case of detecting a fatigue crack the effective method for
arresting the cracks is employed, as shown in fig. 6. The method is
based on the drilling of a stop hole at the crack tip in addition to
which a special device that keeps the crack opened during the cyclic
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loading is mounted on the crack. This option makes it possible to stop
the 20—180 mm long cracks in various wing components for periods
of 600 up to 4000 lab flights.

Timely detection of fatigue cracks is supported by the flaw de-
tection system; it is based on the development of inspection schedule
that stipulates for individual zones the minimum detectable crack
length, inspection intervals, method and labour amount. The schedule
is developed on the basis of

— structural features,

— results of testing and using similar existing airframes, and

-— results of fatigue and damage tolerance evaluation.

The reliably detectable crack lengths and the inspection methods
and labour requirements are established proceeding from the previous
experience in inspecting the airframes during fatigue tests. Detectable
crack lengths for various inspection methods are represented in fig. 7.

After the structure is tested for as long as 2 or 3 design service
life, the residual strength is evaluated. The major objective of the tests
is to show compliance with requirements to residual strength of the
structure with natural or artificial cracks. The challenge is that a single
structure should be utilized to evaluate the structure damaged at a
number of points. There exists danger of a complete failure before the
limit load is attained for all zones. The task is solved managed by
employing the method protecting the airframe against complete failure
(fig. 8). The essence is to load the airframe stage-by-stage and monitor
the crack in the stable growth area. This method allows to cease the
loading before the crack becomes critical.’

As for pressurized bodies, there exists a possibility to arrest a
crack at unstable growth stage (fig. 9): a structural area near the crack
tip should be heated so as to generate compressive thermal stresses;
the unstable crack stops propagating if its tip approaches this area.

With the test work package fulfilled, the permanent joints are
disassembled to detect damage in the zones difficult to access. Fig. 10
demonstrates the procedure of such studies for an I1-86 wing. These
studies revealed 650 cracks in longitudinal joints; the crack growth
data were summarized to adjust the in-service inspection schedule.

Conclusion

The present technique for fatigue tests makes it possible to use a
single full-size airframe to fulfill the entire set of for fatigue resistance
and damage tolerance testing and to adjust the maintenance and flaw
detection schedules.
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LANDING GEAR STRESS ANALYSIS

Kanchan Biswas

Chief Resident Engineer, CEMILAC, Min of Defence
H A L (ND), OJHAR TOWNSHIP : 422 207 , INDIA .

ABSTRACT

Stressing of Landing gear 1is done for the Iloadings
arising during various landing and take off cases set by thse
Government or Civil Airworthiness approval organisations. There
are wide detail difrerences in the requirements in the military
and civil spheres in various countries. Herice it becomes
difficult to compare the different specifications. Also due to
phenomenal gecmetric differences, there is no unique stress
analysis for landing gears. Engineering Jjudgement have to be
applied for analysing the different element. This paper present
an analysis for MiIG-21 landing gear for different landing
configuration. Tyre and shock absorber efficiencies were
estimated by drop test and overload factor was calculated based
on design sinking velocity defined in MIL 8862 (ASG). Different
landing loads wers calculated for the lcad factor and stresses
for landing gear elements have been estimated. The study has

been restricted mainly to main landing gears.

SYMBOLS and NOTATIONS :

= Aircraft Landing Wt Kg

W

L

G = §tatic load per wheel in Kg

v = vertical velocity during landing m/sec
N

= Ratio of dynamic load to static load per

wheel ( overlocad factor }
toad arising during landing at wheel

P.,P,P =
X y =z
axle (Kg)
F = Load arising at tyre end (Kg)
X
nl,n = Efficiency of tyre and shock absorber
3G
ém'é = peflection of tyre and shock absorber
ad
E = Energy to be absorbed during landing
H = V?/Zg vertical height of drop testing
h = Height of a/c c.g. above ground
DO,D P = Air pressure in the strut in extended,
-1 n
static and compressed condition. Kg/cmz
XxX,¥,2Z = Co-ordinate system.
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INTRODUCTION

The energy the landing gear requires to absorbs depends
on the landing weight and vertical velocity of descend of the
aircraft(sinking velocity). It absorbs this energy during landing

by the compression of the tyre and the shock absorber system .

while the efficiency of the tyre is below 0.5, shock absorbers

could be designed for efficiency of the order of 0.85 -0.9.

Since the total deflection (&t + 5za) is limited , the force

generated due to the impact is much in excess to static load.

This creates an overload factor (N) of about 2 to 3.

An investigation was conducted to analytically

determine N for MiG-21 Yanding gear system. The tyre load and

deflection was estimated based on empirical formulation. Shock

absorber load was calculated based on Hadkel formulation with

polytropic compression in the oleo -strut . Subsequently actual

drop tests were carried out on landing gear system assuming 75%

- 60538 ., 7n, M and N were
t sa

landing gear loads were

1ift available as per MIL -T

evaluated . For evaluating the strength,

calculated based on N for the various loading cases as per the

One to one correspondence of landing cases
are

three specifications.
Though MIL gives lower axial load, side loads

This gives higher flexural and

do not exist.

higher compared to USSR loads.

torsional stresses in the two planes. Principal stresses were

Both MIL and USSR indicate stresses in the
struts

therefore compared.
plastic zone. Considering Bending Modulous of Rupture the

could take up higher landing weights.
testing on two landing gears were conducted to
statistically

Fatigue

evaluate life. Load spectrum was decided by

different landing cases. Using a fatigue
landings.

apportioning the
scatter factor of 12 the gears were cleared up to 3000

This paper discusses the analytical formulation, experimental

results and fatigue testing of MiG-21 Landing Gear System.
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BRIEF DESCRIPTION OF THE MIG-21 LANDING GEAR

MiG-21 Aircraft has a nose wheel tri-cycle type landing
gear. Main wheels are installed on the wing and while retracted
are accommodated in the wing and fuselage. Nose wheel retracts
backwards in the fuselage. The wmain landing gear has oleo
pneumatic shock absorber of telescopic type fitted with
cantilever offset wheel. Both tube less as well as tyre with tube
could be fitted to the wheel. While the pressure of the tyre is 8
kg/cm2 the pneumatic pressure in shock absorber is 30 kg/cm . The

schematic diagram of the landing gear is shown at Fig-1.

ENERGY ABSORPTION AND OVERLOAD FACTOR

Total vertical energy that has to be absorbed by the

each landing gear unit is given by

E =1/2 6/a V2 ....... (1)

Static load on any wheel at any landing weight can be
calculated from the location of main and nose gear with respect
to aircraft center of gravity. Vertical velocity are to be taken
from Airworthiness standards. while Def Stan 00-970 (UK)
indicates likely percentile exceedance of varicus design sinking
speeds, MIL-8862 (ASG) specifies following sinking speed.

Table 1 : Design Sinking Speed (Land Planes)

At design landing Maximum design
weight (m/sec) gross wt (m/sec).

Non-carrier based

Navy primary and 5.18

basic trainer

USAF Primary and 3.96 2.59

basic trainer

A1l other ciass 3.048 . 1.828
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From the reverse calculation of operational energy as
given in the Russian Album and the aircraft landing weight, the
sinking speed used by Russian works out to be 4.2 m/sec. In the

present analysis ¥=3.048 m/sec is used.

EXPERIMENTAL DETERMINATION OF ntﬂta and N
TYRE EFFICIENCY

The Joad deflection curve for main under-carriage tyre

against static load 1is shown at Fig-2. Tyre efficiency

.

calculated from the above curves gives :
a) For tubeless tyre nt = 46%
b} For tyre with tube -
at charging pressure 8.5 kg/cmz, nt=44%
9.0 kg/cmg, nt:48%
DROP TESTING
Drop testing of landing gear was done to determine the
overload factor and shock absorber efficiency. For this impact
testing was conducted for different drop weights at a constant
drop height (H) of 470 mm (v2/2g for v=3.048 m/sec} on a main

landing gear. The time history of loading, shock absorber travel

5sa and total travel of the LG (h) were recorded in a U-V

recorder. The speed for paper travel of the recorder was 50

cm/sec. The & and hmx were measured using potentiometer.

@ MAK
The overload P was measured using load cells.
However, as per MIL-T-60538 , 75% 1ift can be
considered available during landing. Considering this and

neglecting static load on nose wheel (2 point landing) the

landing weight of the aircraft wL could be calculated as :

2G(Hth) = W .H+W h-0.75 W .h
L L L
(H + .25 h)
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Then overlicad factor N = -2F N )

W
L

The P - 6sa is shown at Fig—- 3 for various landing
wt. The shock absorber efficiency is calculated as the ratio

area under the curve and the actual area as :
TAP. 'ésa
n,, = - . (4)

P .o

84 mMax

TABLE-2 : Experimental Results ( Drop Testing )

w1..(kg) pmax(Kg) L mo.v(mm) h mo.y(m) nsu N
6210 8207 189 255 .87 2.639
6710 8850 198 276 .86 2.63
7300 10345 204 292 .80 2.8
8700 12850 216 324 .79 2.954

It is seen that Moo decreases and overload factor
increases with increase in aircraft landing weight. As the LG is
designed for a maximum wLof 7300 kg, the shock absorber
efficiency and the overload factor obtained are very close to

values normally assumed in the design.

THEORETICAL ESTIMATION OF OVERLOAD FACTOR

The total energy of impact during landing 1is absorbed
by the tyre and shock absorber by their compressiocn. The travel
of shock absorber is calculated in a iterative manner. For this
purpose ’'Shock Absorber Calculations’ by R.Hadkel, 1is discussed

below

265




SECTION 1

2
Total energy to be absorbed per wheel = Sy
29
Energy absorbed by tyre and Shock absorber -
E = nt . 01 . N .G+ N.G. n:a . éiu ...(5)

From a study of actual Joad deflection curves of

[a 2 =)
i A = ) ..
typical tyres, 5 61 e (N G/pt) {(6)

where 5t max - Max.tyre deflection (Taken as 2/3
tyre width 1in the absence of any
other data).

P, = pynamic Tload to squésh the tyre
(taken as three times design static
load in the absence of exact data).
{ ét mag= 117 mm and P = 12280 Kg given in tyre data. )
For the shock absorber N and 6SQ are both unknowns but
they are inter-related. The relation can be worked out from the
polytropic compression of the air in the strut generally taken as

1,3 . . . . .
pv = Const.(i.e. the compression is not fully adiabatic).

p x 17" %=p (1-6 710, (1)
n S

o
But the static compression of strut will be isothermal,
po x 1 = p; Xb ....
where , 1 = length of the air coclumn in the extended

condition

b = 1length of air column in static condition ..
Then , N = Dn/Ds = .7 AL — ‘2
(1 -0 /1)y~
a
(b '1)0'7?
or, - . A S N :
r égu [ 1 o.77 } L (8)
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Usually b/l is defined 1in the design of the shock
absorber. It is usual to provide an available stroke equal to 3/4
1 ( i.e. a compression ratio of 4) and to inflate the strut so
that the static position corresponds to one third extension of
the leg. This corresponds to b/i=.5 .In some design b/1=0.625 Iis
chosen which will correspond static position at half extension
with compression ratio of 4 .

Thus substituting for ésa from eqgn 8 we can get an

expression for N as given below
2 .77

1.9 Q.o
Yoo ntTs et N -2l ). (9)
t t max t L 7

29 N
For the present case operational travel shock absorber

is 200 mm. Considering one third travel as clearance volume and
for a compression ratio of 4 and b/l = 5, N calculated from eqn
(9) is 2.5. The deflection calculated from eqn (8) is 1839 mn.
This value of N is Tow;thus thus experimental value of N=2.8 has

been used for stress calculation.

LANDING GEAR LOAD CALCULATION :

The various landing cases as per Russian, MIL and
British Specifications are shown below :
TABLE—-A : Russian LOADING CASES
1. 3 point landing ~ Ew
2. 2 point landing
a) 2-point landing - Ew
b) Z2-pt Janding with forward hit (high drag)-Gw
c) 2~-pt 1dg with wheel not rotating (skidding)-
(Ew’ + G’w)1
d) 2-pt 1dg with anti~drag ~ (E’w + G'w)2

-P2

. . +FP2
e} 2~-pt 1dg with side force Rxw and le
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3. Ground Loads

a) Taxi with brakes R cT

k) Taxi without brakes R BT

c) Torque about strut when ac is rotating Mw

TABLE-B : MIL 8862 ASG

1. Spin up loads 2. Spring Back Loads
a) 3 pt ldg a) 3 pt ldg
b) 2 pt 1dg b} 2 pt 1dg
c) 2 pt ldg with high c) 2 pt ldg with high
angle angle
d) Drift landing. d) brift ldg
3. Ground Loads : 4. Handling Loads
a) 3 pt braking a) Towing loads
by 2 pt_braking b) Jacking loads

¢) Turning loads
d) Taxing loads

e) Piloting loads.

TABLE-C : DEF STAN 00-3870

1. Combined drag and side load

2. &ide load in board

3. Side load outboard

4. High drag and spring back

5. ©One wheel landing

6. Rebound of unsprung parts

Case 2,3, & 5 do not apply nose wheel.

The loads calculated for Russian and MIL cases for the

main wheel at aircraft landing wt of 7300 with design factor of

safety of 1.5 is shown below :
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Table 3: Loads as per MIL—-A- 8862 ASG

Loading Case Py(kg) Px{kg) Pz{kg)
1. 3 pt SU 12983 39088 -
2. 3 pt SB 12383 -8114 -
3. 2 pt SU 16647 5300 -
4. 2 pt SB 14831 -6029 -
5. pDrift ldg 1483 -11489
on one wvheoel
8302

on other wheel

Table 4 : LOADS AS PER RUSSIAN CASE

Py Px Fx Pz
1. Case - E 12976 - - -
2. Case - E’ 14823 3627 -
3. Case - G 5278 6230 -
4. Case - R1+Pz 63832 16396 - 3812 on one wheel
2425 on other
5. Case - RZCT 6205 - 3257 6205
6. Case - T 7789 - 2874

STRESS ANALYSIS

The schematic diagram for landing gear loading is shown

at Fig—-1 .The various stress components coming in the analysis

are :
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a) 2-bending stresses in xy and yz planes

b) 2-shear stresses in xy and yz plane

c) Compressive stress due to vertical load P
Y

d) Shear stress due to torque

e} Hoop stress due to jnternal oil & nitrogen pressure

f) Hoop stress in the air bottle area of the strut.

The sectional diagram of the strut is shown at Fig-4 .
Forces and reaction on the strut is shown at Fig- 5. The force
'P? shown in fig 5 is the force in the landing gear actuating
jack. For the purpose of the stress analysis the strut has been
divided into four sections as shown in Fig-4 . vVarious stress
component for the loads as per MIL-8862 were calculated. For the
purpose of strength analysis resultant principal stresses for all

these stresses were calculated. Critical stresses are given

below
Table 5: MAX PRINCIPAL STRESS

Loading Cases Zone~1 Zone-2 Zone~3 Zone—-4
1. 3 pt SU 115.19 122.47 179.24 181.73
2. 2 pt Su 124.5 130.93 143.980 118.07
3. 2 pt SB 70.92 17.12 -33.37 -38.85
4, prift ldg 172.4 134.13 194.25 196.01

It is seen that drift landing stresses are very high.
This is because this case use 0.8 times the vertical Jloads as

side loads. This high side loads give rise to high bending

stresses.
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STRENGTH COMPARISON

Since the design stresses with design factor of safety
of 1.5 is beyond the material strength of 180"*° kg/nmf, the
stresses are expected to reach plastic region.. The material is a
ductile material and bending modulus of rupture for the section

is calculated as follows :

o = ¢ + k.o
br ™" 0
Where LA Bending Modulus of Rupture
. 2
00 = Yield strength = 140 kg/mm
. 2
o = yYltimate strength = 180 kg/mm
dJ y dAa
K = Factor = ——=——- P ~1
2L y dA

{ d = outer dia of strut)

For a inner dia 102 mm and min wall thickness 6 mm,K

2
works out to be 0.28 and thus abr = 219.2 kg/mm .
R 219.2
Margin of Safety = ——=—=—~- - 1 = + .118
186.01

FATIGUE TESTING OF THE LANDING GEAR :

Initial 1ife prescribed for the landing gear was 1800
landings. This value was very much conservative ‘“To ascertain
actual life potential of the strut fatigue testing was conducted.
In the Russian method , low amplitude loads are neglected and
thus four landing cases were considered.tanding loads used for
the testing was as given in the Russian Album. The loading block

is shown below
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Table 8: Fatigue Load Spectrum as per Russian Method

Sequence Loading Cases Load Level No of Cycle
1. 2 pt 1dg with high 60 % of Design 100
drag (E’+G’)1 load
2. 2 pt ldg with tail - 100
down (E’+G’)2
3. 3 pt 1dg (E) 50 % Design 400
toad
4, 2 pt ldg in cross - 50
wind R

1

The above table shows one block of 650 cycles. In the

block 3 point landing has been assumed for 400 c¢ycles which

appears to be very severe.In actual practice 3 point landing case

may have low occurrence.
Two landing gears were chosen for the fatigue testing.

These gears had completed aoproximate1y- 1700. landings before

subjecting to testing. Testing was discontinued after 25 blocks
with inspection after every block.There was no crack or nay other

defect reported . A scatter factor of 12 was used for evaluating
the life. This gave one block corresponding to 55 landings .Thus:
Fatigue Life = 1700 + 55 x 25 = 3075 1ldg.

Based on above fatigue life of the landing gears was

assigned as 3000 landings.
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DISCUSSION AND CONCLUSION :

Stressing of landing gear is done for the landing cases
as well as design sinking speed prescribed in the airworthiness
standards. Load estimation as per Russian and MIL specification
are shown. It is seen that Russian specification is more severe.
Based on MIL lcad and stress analysis , it is seen that Jlanding
gear could take up addition landing Jloads. Life assigned to
landing gears initially are conservative. Based on actual fatigue
testing life could be increased. Experimental values obtained for
the tyre and shock absorber efficiencies as well as the dynamic
Joad factor for the oleo strut were close to the theoretical

values assumed 1in the design.
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