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Fig. 1 The composition of test
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Fig.6 Schematic diagram of loading Fig. 7 Principle of loading variable force
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Fig. 8 Principle of hydraulic of retracting system
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Tab.1 Main technical index of hydraulic system
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Tab. 2 Action circle of hydraulic system
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Fig. 10 The result of simulation aerodynamic

PO 7 A L i 7 0 AR AU 4

Fig. 9 The result of simulation aerodynamic
load on retract process load on extension process

o 0 R S AR FE T B RARZEAE S e PR E AR 300 BRI A R AFL T
BAL BT B
4.2 fEHEABUNES

AR SOOI T I B WA R T AR S BT A R B R TE AT IR g A B AR Bl B — S SORE R A il 2k (BRI
(ED) o I 38 o X A 2l i R 7 A7 A A9 07 g 0 A 0 A Bl i Ay — SRR A 2 G R D

W ik 7 v o A B T 28T A S i RMAUHIC aed it v Al A 2 ) 2 A AR SO IR A A R DL A 2 A Bl
Ao, B T BB R AT AR R A B A R A A 11 12,

40] [——JEJTine 1 [ —— R iigk
] 3.0 V1 PRSI
35] Lo liAniSE ik 1 | —e— sy dhe il
~2.
Z3.0 Z 5-
25 ©2.04
5 X
;2_0 ;I.S
ey = T
2 12 1.0
EL.0 =
05 70
0.0 0.0
0 20 40 60 80 100 20 40 60 100
ESkEE i (o) ()
B 11l o PR AR B e B 45 AR A B 12 BT ik RRAE 3h A 2k fr 5 2R L
Fig. 11 Comparison of load on actuating Fig. 12 Comparison of load on actuating

cylinder on retract process cylinder on extension process

B9 P10 g5 T kS i ZRAE WO A v L AR Sl BT T 0 5 B T g B S A B A AR A 2L SRR
AP0 Bk il £ 15 B i 2 AT B B — B R SE T S BN 4 ) TE AR ANERR L R B T IZ SR R ST

AT



2 TR SE A AL P AR OO 57 2 0 AR ST LT KO T 179

5 #Hit

-]

Bt T — T YR P A S B n 07 3K RE RS S B LT A 9 20 AL, S B A OGS R R
AP IR] — 2% 3 A i LA EE L RO e T RO B2 O I R 2 SR AT T SRR BT R T WUR RS
P R GE s S TSR B BB L 12185 B BE A R AL S v AR SO 6 R R AL AL A0 A A LA |
W R GEREAT 1A B IFAE 52 Prisl 6 vh 0 A7 SC RO R A7 000 B 3 0 5 BEAE (E B0 U BRI A B 1 — X
P

SRR e B B G5 H A B DRSBTS AR AT IR G L R G R R AR
B E AR A SR IF C AT T RCT OOBOBOR SR R 5 © AR T R AR AR 6 IE L AL R R P R 3 A
W R 7 oK

S Uk

(1] #E&E, Xkoe. CHLE &R BB E & 5818 4 w8k B s [T ], W 5380, 2002, (11):18 — 20 (BAO
Hongzhi, LIU Yongguang. Design and Research of Testing Machine of Plane’s Undercarriage Open and Withdraw
Hydraulic System[J]. Chinese Hydraulics & Pneumatics, 2002, (11):18—20(in Chinese))

(2] &R A EACHUR & RBOSEsN R IR & R RSt I, PLE ™ IF & 5818 .2006,19(5) : 34— 35
(GAO Kun, YANG Baosheng. The Design of test table for some aircraft alighting gear actuating cylinder[ J].
Development & Innovation of Machinery &. Electrical Products, 2006,19(5) :34—35(in Chinese))

(3] WE. i, KEAECYLR & RSO EZ 5 & I S H T, RS2 5% $,2006,(5):26—27(GAO
Kun, YANG Baosheng. The debugging and obviating malfunction of test table for some aircraft alighting gear
actuating cylinder[J]. Hydraulics Pneumatics & Seals, 2006,(5) :26—27(in Chinese))

(4] TERUAK, fird2e. RAHLIR RSV AL VR AR R 3k R S i F X (D], P9 %2 . YL Tl R 2 A+ %0718 30, 2002(SHEN
Fenglin, HE Chang’ an. Analysis on the Kinematic and Dynamic Performance of Landing — gear Retraction[ D].
Xi’an: Northwestern Polytechnical University,2002(in Chinese))

[5] Yonsu Nam, Sung Kyung Hung. Force control system design for aerodynamic load simulator [J]. Control
Engineering Practice, 2002, (10).549 —558.

[6] Guillaume Morel, Karl lagnemma, Steven Dubowsky. The precisecontrol of manipulators with joint2friction using
base force/ torque sensing[ J]. Automatica, 2000,(36);: 931—941.

(7] =W, #igx. BERTHOEEMRGE I EER ] W53, 2004, (4):23—27(Yuan Zhaohui, Cui
Haiyun. Force/ Torque Control for Aerodynamic Load Simulator of an Undercarriage[ J]. Chinese Hydraulics &-
Pneumatics, 2004,(4):23—27 (in Chinese))

[8] KHLEITFMERE R SR, CHIEITFMCGE 14 A € F RGBT IM]. J65T . fi 28 Tolk R4l 2002 (Chief
Edition Committee of Handbook of aircraft design. Handbook of aircraft design: Vol. 14 [ M]. Beijing: Aviation
Industry Press, 2002(in Chinese))

[9] Liu G P, Daley S. Optimal— tuning PID control for industrial systems[]J]. Control Engineering Practice, 2001,9;
1185—1194.

[10] Fitch E C, Hong I T. Hydraulic Component Design and Selection[ M ]. BarDyne Inc, 2001.

[11] William E. Krabacher, Aircraft Landing Gear Dynamic present and Futu, SAE Technical Paper Series 931400

(1993).



(2010 )58 25 4

3

180 OB N

On the Design and Application of a Fatigue Testing System
for Landing-gear Retraction and Extension

WANG Hong-xian, XUE Cai-jun, NIE Hong

(Key Laboratory of Fundamental Science for National Defense-Advanced Design Technology of Flight Vehicle,

Nanjing University of Aeronautics & Astronautics, Jiangsu 210016, China)

Abstract: A fatigue testing system for landing gear retraction and extension was developed, which can
be applied to the fatigue test of retraction mechanisms and locking mechanisms, and its reliability
validation was also carried out. Loading scheme that simulates aerodynamic load was brought forward
and realized precisely. The problem of loading separation was solved in retraction and extension
process of landing gear. Automatic process was realized based on PLC technology. Experimental
results indicate that the practical design is reliable and feasible. The maximal error in loading
simulation is less than 10%. This system can work several hours continuously. It has been completed
experiment more than 7000 times. This system can be applied in fatigue experiment, and the measured
dynamic stress and assess of locking mechanisms are reliable.

Keywords: landing-gear retraction; fatigue testing; experiment system; loading system; loading anal-

ysis



