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Research on Aviation Safety and Environmental Compatibility Technology at NAL-ASET

Hiroo Asada (NAL)

Key Words : 3D flexible trajectory, Wind turbulence, Active noise control,

Crashworthiness, Non-intrusive instrument, Exhaust gas, Helicopter noise

Abstract
This report presents briefly NAL research activities on aviation safety and environmental compatibility

technology of emission and noise. The NAL will be engaged in its technology development as an independent

administrative agency after 2001. Consequently, the ASET will focus on the development of new operational

concept using 3D flexible trajectory, wind turbulence and airspeed measurement equipment and active noise

control and tab-mixers for reducing aircraft engine noise. While, it is pointed out that the researches on the

crashworthiness of fuselage structures for cabin safety, non-intrusive instrument for aircraft engine exhaust gas

measurement and helicopter external noise and its reduction will be continued which have already been

conducted for several years.
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A trend of the aviation safety information system

WATANBAE Akira (National Aerospace Laboratory)

By a guarantee of flight safety it is possible to make a comfortable trip. These ten years the accident rate is almost flat.
Then as increasing the number of an air-transportation, the number of accident will increase.

that utilizes incident information data derived from the world aviation organizations.

In this report an outline of the world and Japanese movement on the new aviation safety information system will be

described. And some characteristics of the incident data concerning flight phase will be simply shown in the appendix.

Key Words : Aviation Safety, Safety Information System, Incident Information
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Examination of Onboard Wind Measurement LIDAR
Hamaki Inokuchi (NAL)

Key Words: LASER, Onboard Sensor, Doppler LIDAR, Wind Measurement

Abstract
The aircraft is always influenced by the wind, and the wind turbulence becomes one of the main factors of an
aircraft accident. If pilots can know the wind turbulence beforehand in flight, avoiding it or reducing damage is
possible. Therefore, it is important to predict the wind turbulence on the flight path for flight safety. Since wind
measurement remote sensor using LASER is developing recently, research and development of onboard wind
measurement LIDAR (Light Detection And Ranging) was started for wind prediction in National Aerospace
Laboratory. The examination result and the plan of research and development are explained.
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Fatigue Test of Fuselage Scale Model under Synchronized

Pressure and Bending Loading
Hiroyuki Terada, Takao Okada and Pavel Dybskiy (NAL)

Key Words: Fuselage Scale Model, Riveted Joint Fatigue and Combined Load

Abstract

Bending loads synchronized with pressurization cycles were applied to the fuselage scale model
structure to evaluate the effect of bending load on fatigue behavior of fuselage structure. About 1mm
fatigue cracks were detected from the rivets of the top row fastener of the right and left side of the body
after approximately 45,000 pressure cycles. Unstable flapping féilure was observed at 79,515 pressure
cycles. Fatigue behavior was compared with that of the previous test, where bending loads were not
superposed. Number of cycles to crack initiation and final failure of the present test were approximately
1/2 and 2/3 of those of the previous test, respectively. This shorter life was reasonably comprehended by

taking account of the principal stress induced by combined loads.

1. XLCBHIZ

—MRIT . MLZEHAREIE T DR T IREER T AT O RO EMET — 2 L LTr — R ¥ A T OMF
R RO F B & AW e — R R R D, L L, BRI LY IRk
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FEhe U7 fE ROV TEREZIT S,
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TE U X OV Bt COMEA [ <=, SERITAEEIZIE Doubler 2% Tz,
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Pressurization

\ N

Bending load

IHydraulic jacks Control ux

Fig. 1 Fuselage scale model specimen and

testing aspect.

1 min, B

3. AREREER Axial strain e
FERRER - BEB L OITREIC L 3 HEMEDIS S Fig. 2 Applied fatigue load features
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. = o e e E
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gz AT, RBRITHKT Uiz, M3ICEEEY 60000 |-f g % """ g A
RROMBR LI CESAOEROKR TS, 0% 77w i
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1D B BB IC B A% 4 7 VT, BIEDH Fig. 3 Crack growth behavior at critical locations.
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(7) Propagation of a Short Crack in Aircraft Lap Joints

Pavel A Dybskiy, Hiroyuki Terada and Takao Okada
Structures Division, National Aerospace Laboratory

Key words: Countersunk Rivet Joint, Quarterelliptical Short Crack

Abstract

An attempt was made to correlate propagation of invisible cracks originated under rivet head in longitudinal
lap joint during fatigue tests of pressurized fuselage test articles and short crack growth rate data accumulated
in literature within past decade. An approach proposed in the study is based on stress intensity factors, which
were found in the literature for cracks emanating from countersunk rivet holes under different loading
conditions. The latter were obtained from detailed stress analyses of single rivet lap joint using 3-D finite-
element models in which boundary conditions were derived from global finite element analyses of barrel
structure and 3-row lap joint as well as from experimental measurements.

1. INTRODUCTION

The idea to describe whole fatigue life of aluminum
airframe as solely crack propagation phenomenon
showed to be able to solve many of fatigue life
prediction problems. In this study simplified
variation of methodology proposed by J.C.
Newman" was used to simulate results which were
observed during fatigue test of three barrel articles
subjected to constant amplitude pressure,
pressure/bending, and pressure/bending/torsion load
with maximum pressure of 0.125 MPa, min/max
pressure ratio R=0.05, upward/downward lateral
force (£1000kgf and +2000kgf), synchronized with
the main pressure cycle ?. The main efforts were
aimed at the local stress variation in the zone
surrounding countersunk hole subjected to complex
loading conditions caused by biaxial tension of skin,
rivet clamping and bearing force, eccentricity of
load transferred by lap joint, friction between
components of the joint. As soon as stresses in a
plate with hole cut off from joint are defined, an
implication of stress intensity solutions, when they
available for a particular configuration of crack,
becomes an effective way to treat an engineering
application.

2. EXPERIMENTAL RESULTS

Overall history of lap joint failure progression
observed during fatigue test of three barrel articles
subjected to constant amplitude pressure, pressure/
bending, and pressure/bending/torsion load is shown
in Figure 1.

Article F1

Article F2

1| B Crack Under Rivet Head
= m Visible Through Crack

Article F3*

0 30,000 60,000 90,000
Number of cycles

120,000

Figure 1. Appearance of first visible crack
(Note: Test of article 3 in progress now)

Typical comer crack configuration at countersunk
hole edge captured by SEM is given in Figure 2.

1.4mm x100

Figure 2. Typical comer crack at the hole edge
(SEM micrograph x100)

Summarizing observations gained from
experimental measurements the following objectives
were formulated, namely to investigate the effects of
hoop tension, axial tension, in-plane shear, load
transfer ratio, local (secondary) bending, rivet
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squeezing force, friction on stresses surrounding the
countersunk rivet hole.

3. FINITE ELEMENT STRESS ANALYSIS

FE analysis makes use of ANSYS Version 5.4

code”. Figure 3 shows both numerical and
experimental results on deformation of lap joint.
1.2 1
E 1.0 ¢
E N
o 08 ' i
L ‘A .5 AN ‘
O 5 -2y L j
P ] :
© 0.4 A
o : A |
! * i
ua 0.2 ‘ ry
5 oo0. 1 j
s &
0.2 ¢ !
S 88 8 °8 8 8 %
D = 2 &
Path Coord, mm
U, outer, FEA U, inner, FEA
A U, Left, Exp, 78000 & U Right, Exp, 78000
* U, Left, Exp, 59000 & U, Right, Exp, 59000

Figure 3. Displacement variation across lap
joint under maximum = AP=
0.118MPa

Data regarding boundary conditions for local rivet
joint stress analysis are in Table 1, the problem
outline is in Figure 4, and FE model adopted for FE
analysis is shown in Figure 5.

Analysis matrix.

T (main hoop tension. MPa) 90

B (bending deflection. mm) 0.005 01
A (lateral axial tension. MPa) 16.40. 62
LT(load transfer factor) 020304
CI (total clamping force. N)° 0.200. 400
Kfrl (rivet-hole friction coefficient) | 0. 0.15. 0.30
Kfr2 (rivet-hole friction coefficient) | 0.0.15. 0.30

Note: XXX - the nominal values
adopted for the FE analysis
* - data from literature
To choose appropriate element density 3-D

hexahedral elements of different order (8-node
SOLIDA45 and 20-node SOLID95) were used for FE
model of plate with open countersunk hole.

BRI RS0 5

Point-To-Surface
Contact

Point-To-Plate

Coupled DOFs

Point-To-Point
Contact

| COUNTERSUNK HOLE AND RIVET

Figure S. Rivet joint FE model

Figures 6 shows as an example the specific effect of
load transfer ratio on stress variation in the critical
section of countersunk rivet hole

e E T o G —
b da ke ——LT=0.4; basic
S s00 —=—LT=03 L
@ ~LT=0.2 i
= —-—LT=0.2; Sa=6.2 ;
= 400 +

& E

300

200

100

0.0 0.5 1.0

Path coord, mm

Figure 6. Effect of load transfer ratio

The following were concluded from FE study of
rivet joint”:

Location of point of maximum stress
concentration with reasonable degree of accuracy
can be assumed at 90 degree along hole
circumference.

Friction has a small effect on stress concentration
(about 3% for 100% variation in K77).

Thic dociiment ic nrovided hv TAXA



SPRRI2ARIE [HZE 44y « BREEE S HANITTE ] WHEsditia SWreih & Fhutm ik 99

» Local bending and load transfer factor have the
most significant effect (up to 15%) on stress
concentration.

« Lateral tension is able to cause 10% variation of
maximum stress level.

« Rivet squeezing changes the inttial tensile stress
level within range of 5% to 8% of maximum
stress for given applied loads.

« High level of stress mtensity well above yield
stress indicates that plasticity conditions achieved
in the given location.

The later statement implies subsequent elastic-

- plastic FE analysis. However, the life predictions
made by J.C. Newman et al.*” based on elastic and
elastic-plastic concepts revealed very little
difference between results of these two approaches
for elastic stresses equal to or less than 700 MPa. It
made rationale in our study to attempt some
simplified evaluation of short crack growth life for
our structural detail based on data from elastic FE
analysis.

4. ESTIMATION OF SHORT CRACK LIFE

To estimate propagation of a crack through the rivet
hole chamfer five crack front locations were selected
(Figure 7) starting from small crack of order of tens
microns at the rivet hole knife-edge (#1) and ending
with through-the-skin-thickness oblique crack (#5).
All cracks are circular.

#2
=4.30
#1 w=1.40
F*=1.16| [Fv=0-86
a
-
Figure 7.

Stress intensity factor for #1 location can be
calculated under assumption of uniform stress field
at the tip of hole edge that in tumn, at reasonable
extent of accuracy, validates the use of “comner crack
in rectangular plate” model to estimate stress
intensity factor”:
k wma
K](Loc#l) = F[ ‘O-emax '—0—‘— (1)

=

where

F*; - boundary-correction factor for a corner
crack in a plate subjected to remote tension
Oomax (for a/c=1, aft <<1);
Oémax- Maximum circumferential stresses in the

locality of stress concentration;
O - shape factor (for a/c=1, Q=2.464).

The boundary correction factors F, F;, F, obtained
by A.Rahman et.al® were used for all other crack
locations to get value of K;:

a aah
K Lock2=5)= lzazc Vo T lc(?'??) @
- O

where
lc - given loading conditions are remote tension
(1), bending (b), and wedge load (w);
o1 — value of remote tension o, remote bending
03, and wedge load o,;
F); - boundary-correction factor for a crack under
given loading conditions;

Stress intensity factor for a crack emanating from
hole edge in the skin spliced by multiple row rivet
joint can be easily derived from factors F,, F, from
the above-mentioned work® for tensile and wedge
load under condition when deformation is
considered to be linear function of load (Figure 8).

Conceming crack growth law a piece-wise power
function approximation of the baseline proposed by
J.C. Newman et al.” was used in the study. That
allowed employing the direct integration in order to
count the number of constant-amplitude cycles in the

history of short crack growth:
k ai+1
da
N=Y | ()

Ci(AK)"

i=1 qi
where
a;=ay, ar-;=2mm; and AK from (1,2)
for AGi. =Oic max=Oic min

The final results are presented in Figure 9. This time
estimates were made for different values of load
transfer ratios (LT). The effective stress-intensity
factor range K, was introduced as the result of
either crack closure effect caused by development of
plastic wake under varying constraint factors or
residual stress effect caused by rivet squeezing. In
the first case the diagram for ‘stress opening-to-
maximum stress ratio against crack length’ was
used” whereas in the second case the finite-element

3)

data were in use™.
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LG

¢) wedge load d) remote tension
Figure 8.

proper and effective treatment in the range of small

5. CONCLUSION cracks?
REFERENCES
Comparing experimental results (Figure 1) and
theoretical estimates (Figure 9) it can be concluded 1. Newman J.C. Jr, Phillips EP., Swain MN,

that the cases of 40 microns initial crack with plastic
closure or 6 microns initial crack without closure
provide the best fit for most realistic value of
LT=0.3

100.00 -

Thousands cycles

0.00 +1=

Load transfer ratio

B 6 micron, closure
0 6 micron, w/o closure

® 40 microns, closure
[0 40 microns, w/o closure

Figure 9. Failure progression estimates

Some concems were related to the K solutions used
in the study especially in the small crack range, viz
what K-solution should be used to cover variety of
small crack front shapes; how to incorporate into
prediction methodology the role of microstructure as
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against relatively big grain sizes of aluminum alloys
(20-50 microns); also, effect of plasticity needs
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Impact Simulation of Simplified Structural Models of Aircraft Fuselage

Ikuo Kumakura, Masakatsu Minegishi, Kazuo Iwasaki
STRUCTURES & MATERIALS RESEAR CH CENTER

ABSTRACT

For ensuring occupant’s survivability in case of aircraft crash accident, it is necessary to reduce the impact load to an allowable level
of the human body. This research aims to develop the analytical models for simulation of impact characteristics of aircraft fuselage
structures and the analytical models are evaluated in comparison with the crash test results of sub-floor structural models. ~ Optimal
analytical models were investigated using an implicit finite element analysis code ANSYS/LS-DYNA3D.

Keywords: fuselage structure, crash analysis, drop test
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(9) MiZex >y BERDOIERMAE
— AR L — P —IRIN NO/NO2 BRI ERE B DB —

VS (Wi Hedt)
WH F&E ()
WSt (BRRRE)

Non-Intrusive Measurements of Gaseous Species in Aircraft Engine Exhaust

-Developments of Laser-based Spectroscopic NO / NO2 Detection System-

A laser-based spectroscopic NO/NOz2 detection system is being developed for the measurements
of NO and NOz2 concentrations in aircraft engine exhaust. The progress of the development and
future plan is described. It is expected from the preliminary measurements using a 0.5-mm
heated calibration cell that detection limits of 3 and 30 ppm-m were determined for NO2 and NO ,
respectively at a mixture temperature of S00 C. Simultaneous detection of NO and NO2 in an
simulated heated jets from a rectangular nozzle of 0.5-m optical path was conducted. Design of a

multi-path optical system is being conducted.

1. FXD°%

IPCC (Inter Governmental Panel for Climae Change)id 1999 £, TiiZ¢ & HE&) LT %
VR— b E2HFTU[1]. Zhic ks &, st (A-km) 1 1990 45 5 2050 £ DR,
FEHK 31 BTHET D Ll h, BRHBRIIHEOR EEZIT DL UTEE 1.7 %
BEOMMAFHINTNS., ZOTFIICLD & 2050 FEORREHHEIX 1990 £0 2.7 %L
BD, MEFEREELETHERIND L dH > T, TOIPRIER KU 0 T % 5238 Hs ik
BTCERLRDTHAD. Tz, HITREEDEDR LT 2RO - SRECIZOR
EHEALLOTVWEASOND . HERAADEE L WS BEADSIE, BAEOHEINS L &
SDTVWAYHORPTHHEREIROL <, ZORENKEVL FHINS NOx DO
WHEETHD., COLIBRKREL»S, TNFETH ICAO HEHEEEX 2 MIChz b b
neh, BEOZEBRTZORMEOKRGMREE HW & USROS OBE & i,
SR RAURF O BEHHIE E E i &9 28 7= B OBANLE LS E5EDH b, ICAO
D CAEP THGEIDtTbh T3,

FZEFH BN ZERT T, NOx HEHIHIIC B85 2 BIK NOx KRN DR 2175
EEHIT, MALE - BEPINADO B LT NOx OIEEMNERNOBFEEED T
ETWD. B ICAO HEADHEHIX, WETOT7A RV, 77Oo—F, MEISRDE—
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FEETCOBRBEHRICE > THEEINS . KAk O RO, £OIRETORKD
B, EhERRE LT Y Y Y mZ2et iRl 2 W BRI X 2 OABHENT,
BOEWHTES. T2 THET 2 JEHEM NO/NO: lE R EOBRIX, ZORKERE Lt
ZRTCHER PO Y U Y @2 iR B C O EHI~OEMIZEWTWS . L L,
F L INEEBTCERNOT, FIRWVIRNAHFHNIC FAINS NO2 IZDWTHKR
HHBORIE & F DEIRN 2 )V T ORRERRD 5 e, KIZ NO I DWTH— OB %%
T, MHFDOTY Y U BURA AR TORERRIEL LD X5 ITEBEMICEDTE .

Z ORI I T, MHEBERGIC K o TSR RERT Vv E=S ) VY
BEANDHED, BAEOPNHRBEN X EORHRE LTibh s 2 ehlifiah 3.
T, RSO TO—TIC L BMPEH X OBEZRITIIAE T NO 25 NO2 OEHA
HEZLWHSREIERINTED[2], ZOEEBNFHEOFERL LTHEMTHAS.
NO:z #it = v b DilME & ZORRERHEICOWTINESE, CoWMERTh~RE[3]. &
ZT, ZO#HOD NO B = v b DORME, MEEEEIVIC K DM D A 2 o BEgIE A
S < NO2 & NO O HRE DL, MRS = v FTD NO, NO:2 O [HRFHlE
WOWTHETS. 2, =0V VHERERE 500 ClcBNWT, ZNZhNDEER ppm L
RNWTHH T 220D NF NRINFERDOFBETOBEIZI DONTHERS.

2. WiZeHEth NOx DR K S~ D (1]

s S Pt I NS NOx (& EEBAHARE S KO FEBERB I BN T A Y VARSI
<BI5 L, 22 TOFY »OBMEMENETOMME b & BERERE 2 RN 8 2 EHH
MAREWV., JLEkohiEE co2lEEMO Nox SO =91, JuERpEEo A+ v
BT 1992 SEFOWFRT 6%ML T2 EA BN, 2050 4FFE TIZ 13%ITWMT 2 L HER
NG, AVUATLDOERTHDE 1992 FD 0.4 %H 5 2050 5£D 1.2 %~HNT 3.
AV BN IRREALH X TH 2 DT, MEHDIHEH TS Ccoz (BifE, AAMFELE COoz
RRD 23%LHETND) LAREORBLNRES 5T LIRS, SST (FilliFH
I bEEORWTREEEZRITTSH, 22 CHEINS NOx 34V V@D
JRIR &% .

3 . NOx DFERRIE LB DTN

AREREEOWEF L, NOXFBLU N A FICL 2R EHERTORNICELS. =
VIUVHRHPO I NS DOBEEIX 10 2~ 10ppm TH S DI L, H20 B LU CO2 1B D
BETHLET 220, AFARRLEERKL —V—DREWREDOTHISE, ThbnkER
REEDND > THWMZIARY PVEO FHOBUTEDWELBINT 2 0EDHD. T
VUK O EE S OIRILZ AR DV & O T % BRI, NO B LU NO2 i &
L THLEED, £ 2N 670nm B XU 1800nm D L —H —7% EAJ=.

B 11, KEEE 0.5m OMNEEEE IV 2 W THEERINIZ L DKz NO B LU NO2 D
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A4 Vg R RTHIRE, BEDS 200 CETCOREBHTH-FMNT—r2dLIZ, EF
VEMEIC L D ERANCAH L THibhTn 3. e o VY oFSARERNREE 500 °C
(800K) T DX, NO2iZ 4ppm-m, NO I& 30ppm-m T, i DBIZIZH 10 f5D %
DHs. M2, EdERERY = v o NO/NO2 D ERRIE[4]OFE RO —6I T
H5. M3, SHEORBICHNT 2 BIEMBREE VB L CRIEERI LR

NO/NO2 R ERE & OBIfRZ R LTS,

4. SEROEHE

B DHIZEHH A Y —E v OHSH DOEEIL, NO T 10 ~% 100ppm, NO2 i, ¥
10ppm L FTHS. THHDEEDRHOZHIZ, NOIZDWTIE 1 ppm, NO2 IZDWNT
X 0.5ppm DPWEHLPRITE L LI, NAIZT—ZHWEZIVFNRINERZREL,
S 4E B P BRKEBE ST D NO, NO2 DEHIINDBH AR Z1T S FETH D.

F7-, REBEURE, HRXP—ELOHLAY =y b TOWERZB IR, HHeefRE,
pidO T > Y HZE e E CORBRICHEA T 25 TH 5 .

%Wk 1) Aviation and Global Atmospher, IPPC Special Report, Cambridge Univ. Press, 1999.
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Study on Noise Reduction Technology of Helicopter (1)

OShigeru Saito, Takashi Aoyama, Hisashi Suenaga, Masataka Shirai
Fluid Science Research Group
Rotary Wing Research Group

Key words: Helicopter, Noise Reduction, Active Flap, Active Spoiler

Abstract

This paper reports the result of the research activity concerned with the
research on the helicopter external noise. Specifically CFD activity to analyze the
noise generation and experimental activity are described briefly. From the basic
research, the noise reduction techniques such as active flap and active spoiler are
investigated experimentally. These technologies are still under investigation.
Some basic results about the active spoiler installed on fixed-wing are
summarized in this paper.

1. ¥ 8

Rk 8 FE K DRHIFZE E L TiThn
TE e T3 D22 ) 585 78 A b A
BHICBE9 28155 HUHDOHMTH 5(1)
CFD Hifie R hEBESREEED
R — M O — RO, (2) EE[EER
BABEE ORI ONTIL, IFIEER
SNz, BE, BEREMENA CFD J—R
IZDWTIIREER BB X OBERENLEE 217
STHBD., ElemdE AR R IR
UTCTIREET L — RIC K D HaeHERR B
BLOEHESRE T L — RANDILR 21T
STWAEMTHS, D—FERFITEL

2 [ B A B 1B O AL
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/2O — RZEMWL Lz, LML, ERGRER
R EDOIIRIT DN TIINWE TR E D A
THENEZ S TR, BEH L WETF
EOMLEZORER LZK-> TS,

fih s, mEEEREREABREEICEEL T3,
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THIDTD HSI BEFEaHRER 275 B
BEIZ/z > TWB, LML, EHITHIRL
Tea—4& Ny RBEXUT L — ROE[HEN
ENTHBD., SBESEBEET L —Ro
BHEDLEFDISRIEHEEDDTET
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H5,
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Recent Research and Development Activities on Aircraft Engine Noise Reduction in NAL
Kenichiro Nagai, Katsumi Takeda, Hideshi Oinuma, Tatsuya Ishii and Hiroshi Kobayashi

Aircraft Propulsion Research Center, National Aerospace Laboratory
Keywords: Engine Noise, Noise Reduction, Fan Noise, Jet Noise, Active Noise Control

Abstract
This paper describes the recent research activities on aircraft engine noise reduction in National Aerospace Laboratory. The main
topics of our studies are active noise control of ducted fan noise and supersonic jet noise suppression by tab-mixers and
acoustically treated ejector. We have investigated the effect of these noise reduction techniques through the laboratory tests. In
order to demonstrate the possibilities of these techniques to a real aircraft engine, a demonstration test using micro gas turbine

engine has newly started.
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