Adule V1&2 HA "“"‘3}01 BusfA A 2o 7 191 Aotz o
3 AtTLE dgete] v 8o &HE T FF Al A
$g WA 5] 94@ ?’HL T %‘ & FAg & F Ut o] AT F-4 #3579 A
B710] SEUAEN B Aoz AFFR 9 ooz <l H]** A5 F 337
vt AES ¥4 A gutAE IAPAAH F+= Hydraulic Actuator Cylinders]
Yol Crackol L= Wi fto] 251 dutAE 1AHAA FE Hydraulic
Actuator7} AZ2 o8 ZFEHA o} WAE Al FH3 AARAM I AF o]
o 2 dFAME fAF 2 A4S A FY 71F 4F7) vt ATl daiA
Hydraulic Actuator Cylinder A&l i3 333 & £4, AA7E £ FA443
AU B (SEM)S o] g3te] YA HAE HA s §F J8 Mechanismg 7381, &
# Ado Wi ZW AuHE B4 789 AFAHA YAe FHEESA

F-4 33719 autAgele Figld®d 5 709 Eo]of, Cylinder, Pistono2 FA4#
vt el e} gutA g E &2 AY e F £ Hydraulic Actuator (Drag Brace)Z
"o} Crack Z%o] 24¥l Hydraulic Actuatore ¢ o]&3tod dF7] o|& 5
Fol ¥utAE SYAY dEd e 5L Qe FAot. FF7] AFAE
Fig29lA R+ vk} Zo] 3000 psi &3] Shuttle Valves} Passage BoltE & 33}
Cylinder WH 2 fY4= o] Pistong YFOZ o|FA7|IA At} 337 olF FAFd &
W59 Pistono] vt W&oz gAAX guiAdeE Eo] &t Cracka Fig.39l
A HE ule} o] Drag Brace Outer Cylinder® Passage Bolt7} ## =+ Down
Line Holedl X Body ¥ao = 173", Lug W&oz 28" ZHol2 dAAY,

A 2
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Fig.1 Nose Landing Gear Assembly Fig.2 The Operating Mechanism of Drag
Brace Actuator

17.3inch 2 .8inch

[ ™
il

Fig.3 Failed Nose Landing Gear Drag Brace Cylinder

2.4 8

2.1 Material Properties of Actuator Cylinder

749 dFoolel AAcle AL H¥ FAHICP) Z=HTable 1) 2% &7 (Table
2)& B8t &d A3 & dxd 2Fvw FF(Al 7049-T73) .2 FAMe dAlst
ik, Al 7049-T73L S8R A FE(SCC : Stress Corrosion Cracking)ol A &sls =
2 %3 <A A (Fracture Toughness)2.2 & 37| wigota] Adoy ALY F2E &
o] B&FHY Ao Y Aoz gix Aol ¥ SHL sy s
Adv EH| Primer Coating® oy #HQl®o]l Hol o, AdY Wies ZAE
plating 22 E¥ A& Z7l9 92E3e] vl g AAAZE & A=E AZFHAA
Table 1. Chemical analysis of failed drag brace cylinder

Item Composition (wt %) Designation

kia
fe:]
=

Si Cu Mn Mg Cr Zn Fe Al
Failed |0.14) 1.74 | 0.15 } 249 | 0.13 |} 752 | 025 | Remain |Al 7049

cylinder
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Table 2. Mechanical properties of failed drag brace cylinder

Material Tensile Yield strength | Elongation Hardness  {Remarks
strength (HB)
Al 7049-T73 72 ksi 62 ksi 7% 135 Die forging

2.2 Fractographic Analysis

Crack®-g& &< 2 AAdn] 3oz #23 Z3 Passage Bolt7} F25+= Holed &
Zo M= FigdollA E& uieh Zo] F /e gddd A4S 98 5 Ut} o] FoA
ARSI ARt € R EdA BHy FEHE &4 Pittingo] 7] Crack 882 &

Asta 9

Fig.4 Macroscopic Examination of Cylinder Fracture Surface

o WE 99(031 x 012 )ol ZHAM Cracke] € sdd HHE

.

Fig.5 Stereoscopic Micrographs Showing the Fracture Surface ;(a):Fig.4A,(b):Fig.4B
Fig5(a)2 HAduZcz #AZE 27 ALy FHg FRT Fig67Ae
o] B

Fatigue Crackel ¥ ¥ E
AR Bl WRZ JAYPHASES & 5 3
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Fig.6,7 SEM Micrographs Showing the Fatigue Surface; Rectangular Area
of Fig.5(a)(left:x130,right:x850)

=
(5
2
e
N

| Crack 2$18 A¢le 012 Budo e Fig89elH B nhe} go] o
Al #H34%0) o8 48 Dimpleo] 21 A}

Fig.8,9 SEM Micrographs Showing the Transition of Crack Mechanism
(Fatigue =Dimple, Left) and Dimple Formed by Overload(Right)

Fig.10,11 SEM Micrographs Showing the Fatigue Crack Originated by Micro
Crack(Left) and Secondary Crack which was made by Coalescence

Corrosion pits(Right)
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Fig.102 Figh()e Atzty R && &gqid A e2A HEW Corrosion Pittingo]
Micro-Crack Hel2 Ex]3 FejolA Az AZ=H 9lu EW Pittingo] M2 A7
5o} 2218 Cracke.2 APE HFElE Fig.lldlA &9 4 9ok EDS A8z B9
A Mgk A3z dagg AFele Y S, Cl, 23 O Fo) wAHYTH

r-{u*.

= e)
o=

2.3 Metallographic Analysis

Fatigue Crack®l ZHZ<Q 2 dAoz FAHHE Corrosiondl o3 T4
Pittingg A¥H o2 EM357] 93t Figde A ¥945 oA gzt wso=
gt Ao dAntdk Fo Etchingg AA&e] Corrosiond] €3 Ew &
gttt AgEe ZHol e Corrosion?] &2 o] 4 #EEUD E3] UAL
FHolA 2AE Corrosiono] WHEZ AYPHAA 40m x 30m 7|2 AL Pitting©)
o2l o] &AL Y& Fig. 1213944 ¢ +# ot £ EF9 Pitting . 25 H
A2 W2 Corrosione]l AHH L A&E Fig.14,15914 &A1& £ U}

(2 s
Lo L oox

Fig.12,13 Optical Micrographs Showing the Corroded Thread(Left) and Corrosion
Pits Reside in the Thread(Right)

Fig.14,15 Optical Micrographs Showing the Propagation of Corrosion from the pits
to the inside along the Grain Boundary(Left) and Corrosion Defect indide the
Thread(Right)
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3 P AE

3} 8t wbg-ol 9% Corrosiono.2 13l HA4
Pitting®} Micro-Cracke. 2 2# o2 Stressoll 2]8) Fatigue Cracke] d4AZ
72 AP Fo] Ao AGEHA LS & F don o)y Almo)A wAEF Pitting
ZH Rao dFog Pittinge duwtHoz 2HJHAY 2 EEly §3 go| ¥
Jat= FEE Do o3 WAl FAEHE 3£ 4 F5Y 4, U A7
B o] HEL EWo =&HH 1 dF7F &dEHo] 3RAH0R FAo] doju=
k. 3] W9 Corrosion AL Cylinder A1 WH712 2ol Aae zF
& A3IAA Fatigue Crack 8 £ F7t¢ Y ACrack Zojel #AE FEAl
HZF gdd o2& Aol #HAAd Ao #ddot. ey Crack A% &
998 AFTEAFY Cylinder W Corrosion &4 Qg #3837 deide
Cylinder 44 A8 HES FWH A& T3 Az FA At 243 F713A 2
3 o2} g Corrosion®] S JA 7] A AHe] AAFH A& Bert dasioh
F-4 3-&7]¢ Hydraulic Actuator Cylinder ¥ #g At xAF 2 A9
ABE FFeW oS3 Zo] 84 + Qo
et el A% ¢ Hydraulic Actuator Cylinder Crack® W8 2] Corrosion2 2 ¢l
&A= Pittinge] T AlCrack 9¢1c g2 wAslo] wrl3te FH3l4c).
2)Fatigue CrackZ #3719 o|&Fo 9|3t vbE Stressoll ol YA ZHol7kx] 7 33&
o A% 5, YAzt A daER e &4 & AR
3)Corrosion #HA AL FRA o7 7937 YalME Cylinder A4 A8 HAESQ X

Hydraulic Cylindere W% 392
|
_g_

2
J‘io;-l
>

e 3 oo W N R e & oW
[

W A28 RS A% 34 Awel 21 7449 $4o] Basm o] F Corrosion
g WA A AR AW, A%, AEHA £, #7t a7d
23

DR. B. C. Cayless, Metals Handbook, vol. 2, American Society for Metals, 1990, pp.
20, 111-113

2)SEM/TEM Fractography Handbook, McDonnel Douglas Astronautics, Huntington
Beach, CA. Published by Metals and Ceramics Information Center, Battelle
Columbus Laboratories, 505 King Avenue, Columbus, OH, 1975.

3)P. S. Pao, S. J. Gill, and C. R. Feng, On Fatigue Crack Initiation from Corrosion
Pits in 7075-T7351 Aluminum Alloys , Scripta Materialia, Vol. 43, Issue 5, 14
August 2000, Pp. 391-396

-115-



