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Fracture Analysis of Bracket in an Aeroengine Lubricating Oil Tank
QIAO Zhi, LIU Bo—zhi, HAN Zhen—yu, LAN Hai—qiang
(AECC Shenyang Engine Research Institute, Shenyang 110015, China)

Abstract: In order to analyze the fractured fault of the aeroengine lubricating oil tank ’s bracket during a engine test, the fracture prop-
erty and causes of the fractured bracket were determined by the fracture analysis methods of appearance inspection , fracture analysis, com-
parative analysis of wear track, material analysis and stress distribution calculation . The analysis results shows that the fracture mode of
the bracket is high—cycle fatigue fracture. The fatigue source is located in the surface of the inner arc of the bracket’s hook.The deviation
load of bracket’s hooks appears because of the forced hooks’ uncoordinated deformation caused by the cantilever structure when the tight-
ening torque is applied at the bolt. The main cause for the fatigue crack initiation is the local stress concentration of the bracket due to the
deviation load.Under the combined action of assembly stress and vibration stress during the engine test, the crack initiates and expands in
the stress concentration area, leading to the the final fracture. The suggestions for improvement about perfecting design structure and reduc-
ing the tightening torque are proposed to avoid similar events.

Key words: failure analysis; bracket; fracture; high—cycle fatigue ; deviation load; finite element analysis; lubricating oil tank ; aero-

engine

LANER Ve S WSS ALNE SUPRY RS 2 t2 UMV TE

0 B
5| likkani S 25 FZE A FRITAT BT B8 14087 k2

T RGeS A LBy B B AR 23, ]
SRR R BB, B K SL N AR 2 [ ) E 4
AL, I e i A 238 09 i A R R
K BHLNERIE T 25 PR, Al T T A Y
ok IR AT S A S HLAY T B, Rk
BISHE ORI1 GERLL R ISRAEVE I, SCARES I X2
FE L Z IR IR A AR b 2 S A b .

J 5353 M LA B R 33 36 i e 28 AR R i S
AR T RIS, 2 B S 40 AR A AR Bl T 3L
9 57 1) T L SR PR A SR 5 | AN SR A5 T R K42 1
SCHR 9% 57 754 5 Vandersluis S5E5R 2 0L FG5OW T
F AT AR5 BT e 8 B0 L 55 A 2 00 38 %o DB
ZUWEY IR RUR AT T ST, 2RI SR R AR
PR SRR K 7 A2 R IR g LA B B ) 8 245 5 il

Wi E:2019-09-22  EETH :fias sh 3o m B %5 8h

TEBEB N & (1990), B i, TR, =2 EMZS K ShpLE R ZE B4 19 R 305 Ht TAF ; Email : qz0414@qq.com.

S| A& IRk XY B R T 35 A5 K ST i A 5L B 2R S0 [J]. a5 & s B 2021, 47(5) : 98-102.QIAO Zhi, LIU Bozhi, HAN
Zhenyu, et al.Fracture analysis of bracket in an aeroengine lubricating oil tank[J]. Aeroengine,2021,47(5):98-102.



55 Ir A AU RSB AR SRR 99

o RS o RBUR P AL AT  (1) ST A R e
Yy S A R AR X5 (2) M LA R B A
i, T BOBIALE R 15 T () MBS EEAR A
I SCAFHM A BROC 5 2 0 8k BV SR AT T
BT AT, RPN S R AT 2 B A R i 7
K SR AL B P, 7 BN 2 BT K, AP A
PR A SR AT REYE , A HH Rk inh A8 AR E A
SRR RO R A S ) B R R BRI
e R S BRI ARG [ 2 A, S8 e SR 57 e s LA
HEBR 5 4 SO S0 o W 1120 SR T RO A AR
T 45 ARG A LA R S50 23 M 45 7 ik 0 B i SO R AT
T RBIIT R SCIRISBIRE i AN AR BETHAS AL i 1
ERLWZE LN NITES: -8 SURLY 228 & [E 0% 3]
AT U TR T 2 A 57 W e 08 A A

TR 3 et S S R R A K SALLIE L, 52
DR — HLUR A IR e, KA T BB T S Tl A B v 7™
S K SHLIE B s e R AE AR R FovE T
KA R GERIREE FIE 4 F R sl el 4t
IR SR 2 U A A W SR AR T A S ILEY
A2 A DL R RIREE o A SCAR LB TC4
PR G RO T, 20 B BRMR AL
M T—ZIE Ak KRR PO A

AR SCHH L SRS A W 1 3BT B LR X ey
e A AT A5 T BEXT BB SR TR R AT T
WASIHT, IF R ANSYS B 158 S B8 0 ) E7AE 43
Al 00, $Hh T 3 EOCCAR A W 2 R Y 2 22
IEPEH T Rt

1 RUSHELER

1.1 EMNKEE

TR ERBE B AN 1 I s o VeV A 3 A 4 A
FETE R SHLRE AL T, Sy 38 2o R /N 5 52
RGN Il R AT B . W S AR R
R G E 2 B o e80T 32 48—l fy H-AR
18 DXl (T P 1 52 R 7 Sk T g A ) <

B1 XZZEEERIE B2 HHIZEF/BENEE

1.2 ErO9

TR S A s EL R 11
FWIESE 3 FrR. M
CEEUN ASES Y |
F 0, A B 57 Il 2k
BB e R AR AR, 3R B 32
0 T M R Y
R 957 55 IR S Bl o s £
{18 7 1) LW, 90 25 R 105 7 B Py I o (] o 2 [
BT R ), B B i BB F 298 1.6 mmo 37 11 3
BLOr R 3K P S5 Y S X P X LA K I
DX W O R R FE R X AR R A W
i) 80% .

TEFA L oL, BT 1% 55 R X RTE S an &
407 o AR 57 IR B R 2 1 T ) 4 W, 9% 5
EIE T E R A BN K 4 (a) TS TR A
S RARRRE VR DX R DL B SR AR A BB . W 5T
JEE DRI DALYt WA L 4 T 9 55 A TR SR CAn &1 5 B R )
S RIEZ) 0.3 ~ 0.4 pm, PE— R Z LW HH
W 11 Ay e 1 982 57 W 00, B DRI [X Ay kL AR 1) 4] 3 T
(tnE 6 iR ) o

|

E3 EOEWNER

100 pm

(a) 2UCHL T4 (b) ¥ HUH T8
B4 EHFRXEARIER

E5 ¥RREZZHER El6 MR RMYAEIR

1.3 BEXMHEREAKRE

Xof S A% i HL W
SR DX BRI TR0
BB T PR . R e
DA S AT LA TR E7 EXMEMRERR




=

N

100 i

%

3 Hl 547 &

1.4 BEHRREERE

Xt S O PN A T AT WL, T L T A ) E AR
AN 8 /i o He R W 3R £ A IR 1 At
IR AR X R M4 50 it B W 224 s B A i Ml B B 4%, B
A5 XIS T A

FE /Nl AR L PN BE SR
A 55 MR A1 3% 1 R A A7 AR
R Sk 1 D 2 IR 3 i J2E S
BT 2(a) 5 AL, B
PR AN 9 i .l

Ho NpS5EREE
X AR AN 3 1T B R Ab EE R R T

(O AGAE55 o AT 45 2R T, SO /N /Nl S R AR
V] P55 TR 50 A7 D BE B R, i ] S 20 24 s HEAE TR
WA Z T AL,
1.5 Mo

X B SO AR A T RERE 04T SR AR 1 &
FHSICR TR MR & BRI HEESRY

Fz1 Bk omaR wt [%
Ti v Al
EEER 89.74 3.81 6.45
bR At 3.50 ~ 4.50 5.50 ~ 6.75
1.6 HALKE %E»*QVW
TE B SRR BURE %@4’

HEAT G AL GG AT, 45 B B
T 10 FF 7
RN ok B AU UL P
41, L 50 :
1.7 EREKRE
BES T IR
L 4 1 4y 23500 I L,
AT ) T A2
s A U B 0
W1, X B S i A
fit ) RE Bk 1
K 5500 P 1L R

=1 20 pm
B 11

X EARTR

UL A JZ TR
1.8 BESH

SR iff SRR A TR B SR, X S AR A TR
BE 5B AR AR BRIT o0 B 45 SR 45 G I 37 2 1 S
BRI SN A B R R ) R T, AR T
JIEAT T S GBI W T A A A i s 1213 FoR
SRS DL 20 DNIRT LR mT DL TR SCAR N R
B B I TR (SR 2 ) HARTE 22 (0.642 mm) 3¢
K, R SCIRAE T AR R A I 2K 7F S48 ik
oI — 2 AT S, T S ER 24 f B A 1 43 TE L
)

2#:1#=2.65:1

E13 XZENHHH

12 ZRTEHH

®2 BESWER

ZEfH

RIS A/mm 215725 B/mm o /MPa
(A-B)/mm
1.032 0.390 0.642 576
o,/MPa ,,/MPa n, Ny,
895 825 1.55 1.43

2 Sth5itit

TE A BT 10 3 0 R TR < S S A g 57 T
R e 7SR T i IR AT, 52 55 U XK UL W i
vf S BRE  O7 Y AN FE4) , IR X AT DL i M 40
W 5 2RI, U I AR S R 100 DAy v ) 5
15 2 2 W 1 982 55 050 DX RS 000 3 1 A L D A g L
AR T IRETE , 2 WA S AR 982 55 W 28-S LoD TG 4%

A T M 2 R R SEAE R AT A ROR
BORBRH LU o+ B RS L, R W 8 55, R W]
SCORI S i A R AR TE S kR SO AR A B
SRR YIFIN T, 02k U1 2 AR AT AR UR S,
SRRFBEAR TAFRBE 7 VERE™, i TR S A e 2
FE R T RRVE 25 2 U X SR A T A
JER A, R W R BRI, HEBR TS S



555 Ir A AU RSB AR SRR 101

JERCRBOS AU R R o

A SR A E /N LR R A 3 AT 2 I
PRI (A6 A 5 70 T 45 2R TR - SO /NG /Nl 5
WA 2 (B BE A5 T AP AR I EE B G . A FROCES SRR,
A2 I HARTE 22 (0.642 mm) 5K, 2 4 I B2k Ao (1
FAAEPBLEE (2.65: 1), BE— AR SZ 3 2 sz )
ANE PR A, A B S R B, e b 1 ) 2=
T AR RE e K52 1 R AEAS U B e A 0

LR LIRS S B 4 h 50 R A it
TN ST IRERT , SCORAEE S5 2 e AR R AR T AN
IR, ol SRR 20 i - A 2, AT 5 T 2240 £
1 FE R0 A2 11, SCAR N 52 T AN 51 3 B R
Ferplel oAb RS, SEARSZ TR
BRLST A BCN T ARSI R SRR A2 S 2R
TIEE P IX I A T B 05 ) T B A R R,

3 BEtEN

R B S D, ik Rl 7 3 10 A AR I 3
JEF3 /5T T R R R 545 5 REAS Al T vk ]
FRIE, 2 T AN B s

()& BB E I 30, 8 SCARE K b o 15 25
BRSSO B A5 A0 LU R M BRI AS Ui
5 R PRI 28, DT e 2R SR 25 24 fs B2 73 I
ANF S AL

(2) BEEARAT 5 R, DT/ INBBE IV ) 5 9% SR
FEE B S A B A S LGl A T B IR, B
R A SRS R, R PR AR R, U] T R R it
AR

4 #ip

(1) A& B I RS SCART D R I T B A IR
TET 14 e o 92 25 1T 11

(2) 850 s S AP AE B 24, 52 T B 24 i H AR
FEA TR 1T 1 B 2, BT SR i R, 2t
B P A 57 R TN

(3) SR 3 W IR B 3 A7 X9 5 RS0 i A e 5]
TR

(4) 5 BRI R 5, fifp o i 2 TR0 A, PG 4 2%
JIHE, AT SR S 2 AR R P A A

SE ik

(1] BEPURL . 0 A2 S AL T AR il e S B (9 7 R WFFE D] B B < A
PR 2R R, 2015,

MO Fanchen. Research on aeroengine lubricating oil real-time mea-
surement method[D].Shenyang: Shenyang Aerospace University, 2015.
(in Chinese)

[2] Thillikkani S, Nataraj M, Francis M, et al. Failure analysis of shackle
bracket in airbus suspension under dynamic loading conditions[J]. En-
gineering Failure Analysis, 2021,120:105807.

[3] Vandersluis E, Machin A, Perovic D, et al. Failure analysis of an am-
bulance cathode ray tube monitor bracket[J]. Journal of Failure Analy-
sis and Prevention,2020,20(1) :23-33.

[4] XK SC, A2, EHE T2, 45 . i A SR S SR T R 5 43
HrLJ] R Fe IS S A5, 2015, 28(4) :23-26.

LIU Tianwen, LI Shunming, PANG Yanlong, et al. Investigation on fu-
el manifold bracket fracture failure for an aeroengine[J]. Gas Turbine
Experiment and Research, 2015,28(4):23-26. (in Chinese)

[5] A3, 3, sk i, 25 TR s R S LI SR R )
HrlJ1 Bz AL, 2011,37(6) :43-44.

TONG Wenwei, WANG Li, ZHANG Kaikuo, et al. Fracture failure
analysis of radiator support for an aeroengine [J]. Aeroengine,2011,37
(6):43-44.(in Chinese)

[6] SKIF i , A 3CH , 275 . R SBLRCHER SOOI BUR IR 34D, 2280y
M 5T ,2012,7(3) : 197-200.

ZHANG Kaikuo, TONG Wenwei, LI Qing. Failure analysis of radiator
bracket in an aeroengine[J]. Failure Analysis and Prevention, 2012, 7
(3):197-200. (in Chinese)

[7] PRAEEA . s RSB T 55 12 M. Jbat: fiuas Tolk ekt
2002:60-70.

LIN Jishu. Aeroengine design handbook: No. 12[M]. Beijing: Aviation
Industry Press,2002:60-70.

[8] i3 A0 K 2K < J T 111 0 BT ) 5 4 4 J i 1 23 A M. b [
B Lolle i hi:, 1979:53-60.

Editorial Group of Shanghai Jiao Tong University {Analysis of Metal
Fracture Surface). Analysis of metal fracture surface[M]. Beijing: Na-
tional Defense Industry Press, 1979:53-60.(in Chinese)

[9] sk H , B , B 2, 5 . SR A (M. bt [ By ol i i

2004:125-130.
ZHANG Dong, ZHONG Peidao, TAO Chunhu, et al. Failure analysis
[M]. Beijing: National Defense Industry Press, 2004: 125-130. (in
Chinese)

[10] 5KAR . HUBRR AL AR A3 AT (M. JE ¢ < B Toll i i, 1996: 95—

110.
ZHANG Dong. Trace analysis of mechanical failure[M]. Beijing: Na-
tional Defense Industry Press, 1996:95-110. (in Chinese)

(1] CEEMES T S 0 2 TRMEEN T (%)

[M]. b5t p bR Rk, 2002 : 474-482.
Editorial Board of {Engineering Materials Practical handbook). Engi-



102 o=t

%

%

3 Hl 47 %

neering materials practical handbook (Vol.1)[M]. Beijing: Standards
Press of China,2002:474-482. (in Chinese)

[12] (o 2 B T > G 22 B3 2 R 2 MR T (25 445 ) -

Bl B M. b TP SRR R, 2002 53-58.

Editorial Board of China Aeronautical Materials Handbook. China
aeronautical materials handbook (Vol.4) : titanium alloy and copper
alloy[M]. Beijing: Standards Press of China, 2002: 53-58. (in Chi-

nese)

[13] P2 1%, XUDRBR, AR I58 , 25 . M2 JBR A5 < 19 2R 280 B LT (M.

AU 1 B Tl p A, 2002:272.
TAO Chunhu, LIU Qingquan, Cao Chunxiao, et al. Failure and pre-
vention of aeronautical titanium alloy[M].Beijing: National Defense In-

dustry Press,2002:272. (in Chinese)

[14] X PRER . 2 K2 S HLER & G i R i3 B AR B 003 MM, e -

fizs Tl At 2018:850-851.
LIU Qingquan. Manufacturing technology and failure analysis of tita-

nium alloy blade of aeroengine[M]. Beijing: Aviation Industry Press,

2018:850-851.(in Chinese)

[15] A1 7R, Ji F 2 . ABAQUS A5 FRIC/M BTS2 I PEAR (M. Jbat HLAR T
AP R . 2006:41-47.
SHI Yiping, ZHOU Yurong. Explanation of ABAQUS finite element
analysi example[M]. Beijing: China Machine Press, 2006: 41-47.
(in Chinese)

[16] 430 s R SR I 8RBT R A BT S5 1)s
2013,8(2):112-116.
TONG Wenwei. Failure analysis of cracks of fan blade in an aeroen-
gine[]]. Failure Analysis and Prevention, 2013, 8(2): 112-116. (in
Chinese)

[17] 5KHs . LR 2 2% (9 52 T3 A M. Bt [ B Tolk i ik, 1997
143-144.
ZHANG Dong. Practical analysis of mechanical failure[M]. Beijing:
National Defense Industry Press, 1997:143-144. (in Chinese)

(éﬁiﬁ*ﬁ )



