— N
A A
pf]‘ ﬂ & 1 ' F 1% i-ﬂ
X
SELECTED PAPERS IN SCIENTIFIC AND TECHNICAL
INTERNATIONAL COOPERATION PROGRAM

H T 2 T K S

CHINESE AERONAUTICS AND ASTRONAUTICS ESTABLISHMENT




bR A
= PR A 0 F AR
BXE
SELECTED PAPERS IN SCIENTIF IC AND TECHNICAL
INTERNATIONAL COOPERATION PROGRAM

(4)
o LA 25 KB LB

CHINESE  AERONAUTICS AND
ASTRONAUTICS ESTABLISHMENT

HoF o2 Xk ka2

AVIATION INDUSTRY PRESS

1993

xh



(BFRHMBEAFRERNE ) HER
| Editorial Department of

Selected Papers in Scientific and Technical
International Cooperation Program

x % S
Editor —wn —chief Wang Zht
a2l x4 w %
Vice Editor —in —chief Xu Lu
B B E xR k& B 3%
Editor Cui Zhihua Zhang Jiexuan Feng Yinging
Wilht: b 761 {Z48 Address: P. O. Box. 761 Beijing China
- BPFr4mEL. 100012 Post Code: 100012
B 4232696 Tel. : 4232696
B % 210467CAECN Tix. : 210467CAECN
£ H: 4232507 Fax: 4232507
H AR i T RR 4t Published by China Aviation Industry Press (AIP)
FEHESFRELLXE

(4)
CEFRRE S EIREIE 8 RBTH

25 oMb M A Y RUR AT
LR RETIIRFERE 14 5)
AL Tl R AL ER RS AR

1993 4 6 A% 1 i 1993 46 6 A4S 1 ENRI
F A 850X1168 1/16  EI 3. 17.5 N
B #. 1—1000 F ¥ 530 TF

ISBN 7-80046-633-7/V « 142



H =

CONTENTS

S TR BT KL 5 AR SR S mmmmmm;mmmmmm(l)

Evolution of the Civil Aircraft Structural

Strength Requirements in the Former USSR secesereseecccninraceess (9 )
X R KM F R EE S BR AT HOTIFGE coveeresrorrssrosronnnnnninnininnnnnnenns (14 )
Investigation of External Effects and Loading of

the Civil Aviation Aircraft in Service cscereecersececcecccaniaciaineas (131 )

KBS 1 B A PR et e (38)

Operational Damage Tolerance of Airframe cesseceerecececcceccnrcnecees (47 )
' %1;@%%*%%*@%%»&&@757%@@%% serercatieitientineteicatiscncincnnes (54 )
The Methodology and the Experience in

Providing the Structural Integrity of Aging Aircraft eseesceessee (69 )
FAMRBT I R SIS I EALRIR A ceeeerererremsemmenersnnieniiiineiecnnenenaes ((73)
Analytical and Experimental Evaluation of

Airframe Loads R R LRI R LI LI LRSI RIS LRI RS ( 84)
KHLZE M AL IR TF ceeeeeeeereeomseeromnnminininiiieinn e e e (88 )
A Methodology of durability Design for

Aidrcraft Structures cs*esessecscscesasscssceccccsssccsccs sessecnssceccescencee (104)
A EEPE R A 2 R B T BB R A eeeeeereeseneensienntesceneecieeeenns (116)
Two-Dimensional Stress-Strength Interference Model for

Reliability-Based Design =ssesce+ sescecces secverctssrccssssccisancccaccees (]12])
KHLGE R T TR A5 AT GT oo vneeeoessrsmmnsersnnnnsttsnriennnsnecsssnnceensesneees (125)
Elevated Temperature Life Research for

Adrcraft StruCtUres ceecesssececssssssctsctccscssccsscccccccnsssesssscenceses (132)

BT A A A AR ce et eee e e et s e eee (138)

Three Stages Model for Predicting Total Fatigue Life stcesrecceccccecs (143)
ST 5 g 1 g 4 25 4 T -+ R S 1 0

The Total Fatigue Life Prediction for
Typlcal Structure Components cssaseses essesssescsscsssennee (157)

E%fﬁuﬁ&ﬁwﬁ%¢ﬁﬂﬁﬁ%ﬁﬁ@%ﬁm seessessees (165)



Comment on the Option of Material Fatigue Characteristic

Descriptions in Local Stress-Strain Life Prediction

A RS RN X 1 A O R AL R R - JERIIIIIRIER LY

Influence of Unsteady Effects on the Measurements in

a Transonle AXlal Compressor sse v 95 v vessss ess ses eec e e

fﬁL“ﬁ?%EﬁfWﬂﬂ¢mgﬁﬁ@ﬁh eereeeier

Testing of 3-D Models in a Low Speed 2-D Flexible

Walled Wind Tunnel L R I T I A R

Computation of the Flow Around Wings With Rear

Separation, Including the Curved Basic Flow Concept

A5 AR IR 228X 9230 Bt T BE T30 SR TR voe e s venons

Experimental Investigation of 2-D Wall Interferences in

Wind Tunnel Test Sections of Different Type seccecceccccccnccnens

(171>
(176)

(187)
(194)

(214)
(221

(244)
(254)

(270)



JEIRER BT R ATLE5 A4 53 B LR (1 i A

BT M kT NARHNARER (TsAGD)
O.S.Bykov , V.L.Raikher, Yu. A. Stuchalkin

m =

AXERTREAKREMEMELS (NLGS) WE BB RLR, 35 £ H Akt
FIAR B RALE A4 B FAR A JAR 47 7 bk, #8515 NLGS 5 FAR 4 X% iy
ERHATT A4

JEDRER PR AR B H1BFFEBE (TSAGD) #9383 A N.E. Zhukovsky H B SWBER S BE 75
FHILGIE T —BEW L HFRIEA KRN &G, 85, EUENEESE, BiigefR i TR B
BHRAE. E, ¥RIN—ERHTFEHE S RHERN CHLRERENTESH1T. '

AR R —H S TsAGI By TAEBYIARXE . B, B3R VLB HIE T 1926 42
TSAGI i, LUGEFR 2~4 45, B, BL5IH FHs 250 AHARR R, AW
A, URABRGE. WY, WE—3IRER . P MRsE S MO e T EVAM RIS MR
BEER . HF 50 AERURMIK J1 & B R RS, A Y 40 FF 4 ) W FbRafl . 1961 48 M BB AT T BLARIBE
() 55— 2 M LRI M, 1967 ERIAR RIS (1974 48, 1985 4F) HHARAY (IR L i A2 38 i 2%
(NLGS)) HEy55 4 B “L5H5R AL BR” B AR SRR HEAE LRl . Hodk AR RS IR AT LB ), JE e B IR
AH IR L B3 2. ORI AR AT BT T AT X LT ER L BB, B, SRR
AL AR A 3SR T TR AT T SR BT X BT R TsAGI MUEHBEE XM B ILRE R,
fiL2E Tk R AN R AL 2 S B BF 5 T, AR “BH 47 A E KIS B2 S e sEE.

FEFAT AR, JRERE RN T BT A bRuE T2 0 g9 S B T sk B . T 40 2 T MU BT
Ay “RBERA” ik T T REIR MBS0 X RFHEN) TG, B — o3 2087 FE
HRIBFHRERHAHEEREN P RBBBERER ., HATRLES “WIHEN” e X — 7. #
SE B IR G RO KL IZ B B ORI/ SR IIAE BT . SRS M N L B I TR R X A%, b
F7 28 B9 BT R RE . :

R, NH TR TR CHURE M A TR ARA BB P KRR T E R R OR R
THE, DMRIER % 24 ROE MK 5 O SRR L T/ — K E b, TR, ERESARLRBERE
B b, AR BRAR S, HATESSEHTHR, URBHEETEE (FAR) RRKHIER K
(JAR) WIARHE. T HIBARUCIL B B AT R TR R T .

KOLAEA IR RV E R T R AR . LHEMT& - KIIER., i, MTER
/INF 27500 22719 KL, SRR R AL KHLIE Mtk 4400 90 B0 D0 BE [ FAR (58 JAR) f9k (LA 1. 3@
1EXF42-24, FEFT-40 FHL-410 B KHLE O LM RGBS, dei R FAR HHLE M B
fA. .

Pl 2 e i T S5 M T e L S AL a0 . BEIFRARIBAY T, 1. W &R NLGS Wi 4
#. TE FAR 3 JAR FRIEAE .,

Bl 2 R THA T ROK U R B KWL B E &, FAR PHUGERE V, AR RN E.

_ 1 J—



AR KRR RN 1. 5g AOIIEEE . IV, MBIR TS MM FAR iR
% X R

AR CRBERRS TERTRBMEE Y, MXR.IFHE T I%ER L BT FAR i
X FE .

B GRFES . 1 LT A SR S S| AR AR AT AR P B B . SATT A1 SR A A R A
ERUE SR PR B LR ERIIE . LD I TR 2.

FAR A 2 4 B 7 9 B 25 WL BN BT 0 SV M IO DL PR % T B 3t 18 RSB By 3y
BARIE, XAERA ARG AR . (B IR R S UM 2 0 36 T R AT 5 58 HUX RiL B iy 3h
TEMLSE TN E 00 . UM TEBLZE JAR SFLAEAE F].

KT LB B TG ETASER . FAR (BLIAR) FHHLE J7 1l A 0¥ — AN R 1 48 8 1
JG S FI R E . T NLGS A IA R 3 258N B 07 AR A BN K B A, SR A SR B KRR
PR, AT EERE . RATRK CLE 3). R, %R RS AZ LR EE . TR
BRI BNAS . HETIRRIREAT. B g (R NLGS iy ik,

KTk BhHLR BB B 36 X BRERAT . FAR AIJAR T8 70— & & S L% A S i 15 0
T S0 B LI M 2 o B KL VO 5 R BIHL. KL BT T — 00 4 % ST HLIT B s 0k 2 i
BRI AL CBURT R AKX AR IE) . X5 FAR 1 “B” KITHATEHER 5. XFHHLT,
FAR Al JAR #BMB L 24 KHLAGRATIA B K LR K AT BT 46 748 £ 4 B9 R AT 77 NLGS NIfBE . Rf
L ARALAY R B R IEUR  RE AT ROV R JNLGS AR HE LT 2 T8 A B A 35 T 1 A
WA A i B ROL o T o ol AT 1 B WLIE AU 4% 0 R B BEARME . 534 . NLGS HiB— MR B HL
B JE 1 I F KL A BRI R 25 AR B SR 9 R B4 » TG FAR 1 JAR o UM% 0 By K B 2R AT .
A HIARYE A B — BeRR B 32 6 R 0 T M B TR S 0 B (0 R SO HLER F S BUHL AR 4% M 4R 154 e B 9 o
LSRR, DUXFULARAE . CHLLTF MBI . PUABRA B E R RS HA ., Ay
LRYMFRT 1.0 CHRBNVLAEBRRR, TR ERKR . —HRARAWN. X—%2 2K
WIS TP E, AR EERE 1.2,

HE AR UE PR IR T S AR I AT g R R LAT R . TR 4 PR T A 2R
IR (AR MBS0 BB A 28 (FH/R-62 BLEMLEL AL R0 . EH3PE e ¢
TR, ARG, TR T XEEE. TUER ., RERRRE. RRGBEIRAR. |
FAR I NLGS #L3 H18 8 A B, 7T JAR O HJR NPA25C-205 s i A HRME) 8 2R34T R B
B 8D

T S A R 130 07 AT/ B EORBGE SR (1 5) . HLERAT R BCE SR M 1 B
BRI IR MR KL s BRI RAAKTR . —REBEME N 2X107°) 185 7 KAT/RER,
F BT AR THE R 0. 61, X2 NLGS FHLEM BT, AR% 4 ZE0N 1.5 1Y 0. 67, 53X
B, 0 10% S8 RBRBE AT IBW, A T — A BRREAT R BRI 12% ~ 16 %Y T fE, S5 Y
JAR HIRRHE SR T — 2, T X —WA RS FAR (R —80. R{ITHEXFESR S FAR (5%
PR AU — B .

S H T B PR R AT O BEK , SRR R LI Wit 0] 55 FAR (JAR-25) ZEfR & 1 —3. 2K
Wi EEK S, R B R B R AR ME( . FAR 5 JAR-25 sP3IL5E 3 3. 05 m /s, =5 KHLAIHL
B BRAR. %R NLGS Bk, MERH P EH X AR, SR R AR, R
TR o ot LA R ] 7 e T A L E R S IL A R AL S4B
MU E A . BTE I T LA L. TS 2 B T3 P L G KRS P HE LA e KL% B
BEKF-, # M NLGS S RLE R, B2 E Y 10~20 m. SFIHGER BHRBHRM ST 0. 025,
BORETE T T UL A B K TR FTRE T 25 2. 8~3. 5 m/s BT . 32 A S Fh KHLAY KT RIGLE R, BB
T —% I F R AR A D 0 MR A BT BT L [ 6 SR T HISX — BT RHFAR-96., A 310 KHLYE R

P



RSB TR ST A R . SRR T JRBR R AN 2L SR 1A 50 69 0 BB o T % EB A e R R L 2 X
107 R RS AE A 55— YR ME e B 8 2 B UL A IR HE . R U R 1 — AN KA
Bl 7 GBI T RIRER LR, ZEA R B9 HLRE B T RO T BB S BT R . MR .

C M?
8= Q—zErad /m]

WHYTRHREAE, [ AER A BB MRS . B BF 5055 S 0 % 1 T 4007 SR B R AUHL I B A
FRAEST TR . BB T RA » XL R B FRMLRS JE 70 N B bR RE AR L BE B . 13
RAUUEMPERBI . BTGV % B TR 55 =%

—— N LA

—— hHE

5 FAR ML, RAUEMMERBINE MR PR AR E S, TRETERE
Y T B AR 7 AT . FAR 25. 491 (U &0l RS 443K NLGS *H a8 TR E7E A T b
R TEH T R A 5 R L X B8 JAR-25 HEINARAE CC10-1 Ay A AR i B NLGS iF 4
f 7 H A L BIE B ORI RE REM A LAR, RIS L RWREAA L, B, TR
IR HLRE TR TG Bl T AL VPO L SRR R /M. S SR A T AR 0 A A O
T HTRBUE . SMHTHIEH IR T 7 (LA A X 8 B AN AP B Y

NLGS IWREZMAER T ZIH KITH CHUTZ M3 BRAESL . 5 FAR R, NLGS ZETH
AR A SE R IR X T —FRREOL . AT LU R4S L D B PR B0 A R A B LB
By TEHERRAT R, B AL TR L2 58 RUAY S 00 T AR S v R ML B AR S8 B AT R, X P A
BITEXT RIE R R VLA M AR R B MR ARUERY . 5340, 8 T LA SRS W R 03 PR 3R A R BUE B
B R it

T REBRIBUATIE L AR 2 KRG R F. NLGS I FAR fF1E— RIS . XA MR 5 H
RAVIBA IR . 1988 4233 )5 % B9 6l F ShARMTHEAT TARMEMILE . BB ARAECL TR 35
HRALTE B S M2

RFPUHMIENE . NLGS L FHfR. KH. AR ER S FAR FRMEGE. (12
RIERZR T HE - H; B4 Qi 2% (ACS) KAWL AIIE, C MBS IENL
VR E5 4 5 B TET 2 1) EAR S 00 A4 B DFAG . NLGS 1R BR 4 H KHLAL T “ACS” RS FFHRE T
AR R 69 A AL B AR B 5 0 RS BT o 33— 90 P 0 e B 0T . 4 R LB T R 0 A T 38 4%
T RAT IR I B E .

NLGS W45 7 TR B W ER, AL FAR PIAS . FInt s 0B 5 W 4007 . of
K R TR A 2 e,

P RIS B M I A AR, 3 NLGS 35 ZRUEATAY S — IR I g it Rk 24 &%
HIRFPRALE . [ 8 v R0 th b AU AT 2 RO G M R G5 M T A iR 0 0 52 4 5 2 4 R M5 BB P A0 1k A Y
AW R WK R TUR AR BERS B T LRSS MR 57 1k B 07 T8 A9 MR BU7E R B D6 M NLGS 12
Gndel PSR X LEFUR AN 0 TAERY . 5 FAR —$E,NLGS 15 TR KM A1 BIFR BUG AR 45 M fy o Bk,
(LR o B 2 4 U 302 4 %5 o o U 1L T DA 0 66 FF % @R . 5 FAR RPRIAYE . NLGS BRf
Mo Atk e 5443 2 BB 4 RO 24 R N ILG'S R B0 4 A A9 W) S0 3K 6 0 O 0 2 o B G
BRI, SR, NLGS fil FAR PIHE Z IB] B S B 2 | 2 — R 4 48 4 55 9 BE 1 A 2 RN AR ]
NLGS B i Ji A7 it MR — Bt — B Bl A o 76 G 88 A {5 T 22 T o 2 000 5 5 — A 15 I R 243491
AR AR PR S o 6 SR RE — B 0 R 30 . S A 8 BT TR 2% 5000~ 10000 KAT/NE, — B 56 i 35
i R R F -

— RATHE SR A A0



— BT (DHEBEH RTREHRE);

— B R ENBIER

— SR AR A IR B AR5

— BB FAKE KVIREFERNZER.

g LR, WTULE BT R RN £ 5 FAR — B, {HR, FLARAEN AT R R LE M
Bl e HLE B ESR . BAb—BEESR, I JAR-25Y B9 ACT, NI RHHMA EALZK. X, RATMEL
W52 FAR BER, M XARFF T NLGS WENHEKF.

BEARATRLL, n

Limit maneuvering load factor

(EWR  FRE FARO

A

FIGURES
|
NLGS: n—1+3—r5£
' " 10890
5.0 FARUAR): n=2 + 575
NLGS
1 #r-410 5x10°h
2
—=— FE3R-40 .
® 4\ 5% 10%h
»—34 f—24
FAR(AR)
1.0
0 - .
10000 20000 30000
Wit ER w (k).

design weight

1 KA ERSRBILSIEM AR KRR
Fig. 1 Relations between design weight of aircraft and limit

maneuvering load factor



3}
clex T
4 flaps up BRIk - :
L —
+S:Ngnu // | |
Y I |
5 wRAT N} |
F7~1 é flaps down , |
W 1+ |
£3
%S :
ol Va Ve Vo
| /
L
LMEEHE | / |
Eqgiuvalent air speed | // |
—1} Lo __d1
&2 SMavraItilaiig e B
Fig. 2 n-v diagram for maneuvers of
RAYLSY structural analysis
B yaw maneuver
N — NLGS
\\ — —~— FAR-25
\\
N W
N7 P 1E]
— time
BB AR
5, B-angle of side slip
/ Rt
/ time
/
-~/ 3 IFIREIREE
é—rudder deffection
Lﬁn

N

"=  wE

time

Ly, BRBH
Lg,~load on the fin

B3 hARERR A REER A A e
Fig. 3 Influence of dynamic effects on

vegtical stabilizer loads



CHLE LA EHRERBRARER
load Factor at

upgust

aircraftA C.G.

2.4
° ] .. )
22f NLGS
A
i
2.0 r St
H
1.8+ FARJAR
l
1.6 |
14f H
1.2+ [ a—
[ —
<
1 [ H 1
0 5 10 15 20 25
H/C

4 SR I 1] R o A AT R B

Fig. 4 Load factor as a fuction of gust gradient distance

, g;eg;.;o 70868 -
—o—%2-24, 408941 KAT/H
\\. —+— B-104, 189000 ﬂeﬁflxg
—x— fHR—18 489864 KT/
! —— E-154 72747 %47/t
\ = fHR-62, 120284 ¥4T/Af
T Y R{E, 1351704 AT/

lo—l A\

1072 \

5
2
g
8 \\
=
: R
5 107
&
z8 10
< g
#f -t —t—t——-
107
108
0 01 02 03 04
o BERK
BABRMEK

BIS G 130 77 KAT/NBT DL F o R R B ML AT R 3O R R S A
Fig. 5 Statistical analysis of repetition rate of load factors on former Soviet transport

airplanes performed over the total amount of over 1.3 million flight hours



TFUCEE (m / s)

107!

landing

1072

g
8
3
o -
§ g 1072
aa St
®|o
ﬁ @ 10—4.
im §
Xg
# & 107
107°¢
5
TUHEEmM/s)

sinking speed

B 6 HH/R-96, A310 KHLZEW FRAUBRE AT T /9
HEMER
Fig. 6 Results of computational analysis for the IL-96
and A310 Airplanes at two spectra of bumps

3.5

sinking speed
o
(=]

-

2.5
1 2 5 10 20 50
* cx 10°

7 fIR-96 Fil A310 HOH T A B HOT AR

Fig.7 Paramatric study of dependence of vertical speed for IL-96 and A310



factor

HEEERE

special

2.0

1.51

1.0

0.15 Y
WMETLRE
Coefficient of variotion -
K8 HELE RYPHBET AP IKEE R
Fig. 8 Dependence of the special safety factor on the

coefficient of variation of strengths

0.25



EVOLUTION OF THE CIVIL AIRCRAFT STRUCTURAL
STRENGTH REQUIREMENTS IN THE FORMER USSR

O.S. Bykov, V.L. Raikher, Yu. A.Stuchalkin TsAGI

ABSTRACT

In this paper, the development and formation process for the Civil Airworthiness
Regulations of the former Soviet Union (NLGS) are reviewed. The NLGS is compared
.with the Civil Airworthiness Regulations of the U.S. and the European Economic Com-
munity (FAR and JAR). The diffrence of the relative specifieations between NLGS and

FAR are analysed and disscussed.

It was 75 years ago that the committee headed by Prof. N.E. zhukovsky, the future founder of
the TsAGI, has outlined a set of the conditions to be met for the airplane strength to be proven. As
well, in a few sittings the questions requiring further investigations were revealed. Since these sit-
tings , the history of our science on the strength standards for aircraft of all types and purposes is
counted. v

The subsequent development of this science is inseparably linked with TsAGI. In particular, the
first Soviet airplane strength standards have been published in proceedings of TsAGI in 1926. Later
on, these norms were being republished in 2-to 4-year intervals. An operational expetrience and results
of both analytical and experimental investigations were summarized and generalized to improve the
standards and to extend coverage in the problem area. It shall be mentioned that, starting from the
first edition, the Norms always contained strength requirements for structures of both the military
and civil airplanes. Only at the end of the 1950’ s, when vigorous development of the civil aircraft be-
gan, the decision has been adopted to divide the Norms, and in 1961 the first strength standards for
the transport—tyvpe airplanes have been issued in the USSR. These Norms were used as a basis for
Chapter 4, “Structural strength requirements”, of the USSR Civil Aircraft Airworthiness Require-
ments (the NLGS) of the first (1967) and subsequent (1974, 1985) editions. Comparing the dates, it
follows that the intervals between editions have become much greater than those at the first stage.
However. the necessary updating of the requirements is now performed by issuing the amendments.
So, three complexes of corrections on aspects of the strength are developed in between the second and
the third editions of the Civil Aircraft Airworthiness Requirements; they are a result of close collabo-
ration of the TsAGI and the Gosaviaregistr, the Scientific research Institutes of the Ministry of Avia-
tion Industry and the Ministry of civil aviation airframe design offices of both the USSR and the mem-
ber countries of the former Council for Mutual Economical Aid.

In course of their evolution the soviet strength standards have passed the way being typical of all
the Norms. They began from a 1009 use of the so-called “assumed loads”’method where any autho-
rized. value 1s defined by means of empirical relationships relating this value to a few parameters of mo-
tion of the airplane and to its characteristics, with use being made of certain numerical multipliers.

N 9 _—



Nowadays, this method is combined with the “design criteria” method; specified as the initial data are
the airplane motion parameters and/or the oﬁtside actions, whereas authorized values (for example,
loads ) should be defined on the basis of special analyses with detailed consideration of all charactetis—
tics of the airplane and its systems.

Of course, the developers of the Soviet Aircraft Strength Standards compared their provisions
with requirements of analogous Norms of other countries in order to keep the level of safety and air-
worthiness as high as those in the world community. However, significant difference in formulation of
many requirements and in the structure of the strength standards themseleves has been maintainad.
Today, we consider that our criteria should come much nearer to the requirement of the USA (FAR)
and Western Europe (JAR). With this, main results of work conducted to solve this problem are re-
ported below.

The airframe strength criteria are significantly dependent on the positive limit load factor specific
for each maneuver. Up to date, for the airplane whose mass is lesser than 27500 kg the Civil Aircraft
Airworthiness Requirements of the USSR specified a greater acceleration than the FAR (JAR) (see
Fig. 1). After analyzing the statistical data about load factors at the airplane center- -of-gravity for An-
24, Yak-40 and L-410, we decided to adopt the function specified in the FAR.

Fig. 2 represents schematically the n-v diagram for maneuvers which must be considered at struc-
tural ana—lysis. The points I, 1, and I here correspond to the complementary provisions of the
NLGS not observed in FAR (JAR):

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, ;

point I is characterized by a combination of the acceleration of 1. 5g, the speed V, , and a com-

' plete deflection of ailerons for takeoff/landing configurations; FAR does not consider
this case;

point I is for combination of a zero load factor and the speed V ; in takeoff/landing configurations

and defines the negative load on a slat; formally, FAR does not require such situation to
be considered. .

Our experience indicates that these requirements, as a rule, do not cause notable increase in the
loading conditions, however, can improve flight safety for certain airplanes. We assume these require-
ments to be remained in the new Civil Aircraft Airworthiness Requirements.

The criteria envisaged in the FAR for determining the loads at the “checked manoeuvre” in the
vertical plane seem to be obsolete because they do not allow features of the airplane motion dynamics
to be taken into account, including the airplanes equipped with automatic control systems. However,
instructions of our Civil Aircraft Airworthiness Requirements dealing with pilot efforts during such a
maneuver are unnecessarily sophisticated. Therefore we decided to adopt the conditions specified in
the ICAO Airworthiness Technical Manual; they result in analogous level of loads on the tail. As
well, such kind of conditions may be seen in JAR.

Design criteria for a maneuver in horizontal plane. Main feature is in the fact that the FAR
(JAR) propose the return of the rudder to the neutral position to be carried out after the angle of
sideslip is of steady-state value, whereas the NLGS considers the maximum angle attained due to dy-
namic effects. The latter causes a certain increase in the vertical stabilizer loads, the increment being
greater for high-altitude flights (see Fig. 3). However, mounting a simple damper of the yaw motion
can reduce the dynamic effects in the angle of sideslip, thus reducing the loads. We decided to remain



the NLGS requirements.

Unsymmetrical loads at engine failure. Both FAR and JAR consider failure of any one engine on-
ly. The USSR Civil Aircraft Airworthiness Requirements postulate the four-engined airplane to be
considered under conditions of simultaneous or consecutive failures of two engines (depending upon
probability of these events )on one side of the plane of symmetry of the airplane; this is in agreement
with the requirements written in Section “B”“Flight” of the FAR. In this case, both FAR and JAR
assume that the pilot begins to compensate the yawing already when the maximum rate of yaw is
achieved , whereas the NLGS assumes these efforts to be applied later, only after the maximum angle
of sideslip is attained. Thus, the provisions of NLGS seem to wider cover the situations which are
likely to occur in operation. Therefore we decide to kecp these requirements in the new Civil Aircaft
Airworthiness Requirements. In addition, the NLGS assumes that the loads acting on the airplane af-
ter a one-sided engine failure are considered to be the limit loads irrespective of causes of the failure.
while the FAR and JAR suggest these loads to be ultimate ones. All Norms incorporate special provi-
sions aimed at minimization of a probability of a catastrophic result after a damage to the airframe
from nonlocalized fragments of an engine; in this light. the assumption of an airframe failed due to
setting the airplé.ne at. the design angle of sideslip seems to be illogical. We believe that the factor of
safety must be greater than 1. 0 (with respect to the maximum loads likely to occur at engine failure )
and., once emergency situation takes place, this factor of safety would be reduced in comparison with
the usual value. e.g. down to 1. 2.

More complex situation is seen in specifying the requirements with respect to effects of gust on an
airplane during flight. Fig. 4 depicts the load factor (for the IL-62 transport airplane center of
gravity) as a function of the gust gradient distance (measured in wing chord length units). These data
are calculated using different Norms for a particular flight mode. It can be seen that, despite differ-
ences in gust shapes and in gust gradient distances, requirements of both the FAR and the NLGS re-
sult in similar values, whereas JAR (and, especially, the requirements proposed in NPA 25C-205) re-
duces notably the load factors.

A statistical analysis of the operational data on repetition rate of the load factors on Soviet trans-
port airplanes (Fig.5 ) performed over the total amouni of over 1. 3 million flight hours indicates the
following. The ratio of the load factor expected during 50000 flight hours in total for an airplane (the
probability of 2X 10%, as is normally assumed for determining the operational values of 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 the limit values of the load factor accounting for the ef-
fects of the gust on 10% of gust intensity values respectively by 12% ~16% . so, we can come nearer
to the requirements of JAR. However, such a decrease will result in noncompliance with requirements
of FAR. We believe this circumstance to be agreed in consultation with experts of the FAA.

As for the ground handling load requirements, the USSR Civil Aircraft Airworthiness Require-
ments and FAR (JAR-25) are agreed 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. 05m/s. According to the NLGS, this speed which gshould be used for designing
the shock absorbers is considered a sum of, first, the vertical component which the airplane has at in-
stance of touchdown and, second , and additional vertical speed induced by a rolling of airplane landing
gear wheels over the uphill of a local bump. In this case, the augend depends on the airplane perfor-



mance only, whereas the addend depends on both a degree of roughness of the airstrip and the value of
the airplane landing speed. According to the simplified relation givén in the NLGS, the slope of the
local bumps referenced to a 10~20 m length is equal to 0. 025. for paved airfields , so, the design val-
ue of the vertical sink speed can range from 2.8 to 3. 5 m/s. Using the results of flight tests on vari-
ous types of aircraft, we developed a probabilistic analytical model employing a spectral description of
the bumps on an airfield. Fig. 6 offers the results of the computational analysis by this model for the
IL-96 and A 310 airplanes at two spectra of bumps; the parameters cover the range of actual character-
istics of civil airfields of the USSR. These data considered as the first approximation at a probability
of 2X107° confirm the design values of the vertical sink speed and are indicative of great values of the
characteristics of bumps.

Illustrated in Fig. 7 is the parametric study of dependence of the vertical speed of the same air-
planes on the degree of roughness. The spectrum used is

2
s = %[;waj
which is convenient for the computational analyses and, at the same time, is capable of approximating
well the spectra of actual airfields. Results of this study can be a basis for a special investigation into
spectral characteri —stics of all civil aerodromes in the USSR. From the point of view of the loads
analysis, these results may help develop requirements taking into account the dégree of roughness.
Note that the Civil Aircraft Airworthiness Requirements , currently in effect, subdivide all airfields in-
to two groups only:

— paved airstrips;

— unpaved airstrips.

The second feature of the Civil Aircraft Airworthiness R'equirements 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 25. 491 of the FAR contains general provisions only.
The NLGS comprise relations for determining the loads caused by a takeoff run on a paved airfield ;
the formulae are close to those of CC10-1, and annex to' JAR-25. Moreover, NLGS incorporates rela-
tions for determining the landing gear loads at takeoff ground run on an unpaved airstrip, the loads
depending on a soil strength; in addition, the Flight Manual specifies the minimum soil strength at
which the airplane take-off and landing are permitted. These loads may be refined on the basis of a de-
tailed analysis of crossing the standardized bumps. The analysis takes into account the influence of the
California Bearing Ratio on the vertical and horizontal loads.

Much attention is paid by the NLGS to dynamic application of load during bumpy-air flights. Un-
like FAR, we consider both the discrete air bumps and the continuous atmospheric turbulence. For
the latter case, use is made of the envelope. In the two cases, loads should be referenced to a stan-
dardized load factor for the airplane center-of-gravity. Namely, the gustiness for an elastic airplane
should be assumed such that the center of gravity of an elastic airplane were subjected to the pre-
scribed load factor. This procedure relates definitely the requirements for rigid and elastic airframes;
in addition, the statistics of operational load factor occurence rates may be taken into account more ac-
curately. A

As for the special loading cases, differences between NLGS and FAR in the emergency lanc_ling
conditions exist. We still did not introduce severe loading specifications for a payload and the seats;
dynamic loadiﬁg for the latter is stadardized in the use in 1988. We perform our own analysis, but the



