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Analysis of machine beam fracture fault

ZHEN Xiansheng®, HU Jian?, ZENG Jingli*, SUN Dengxia®, SUN Jin', XIE Tingxun', ZHANG Jing"

1. AECC Guizhou Liyang Aviation Power Co., Ltd., Guiyang 550000, Guizhou, China
2. Chinese People’s Liberation Army 93147 Unit, Guiyang 550000, Guizhou, China

Abstract: In order to investigate the cause of beam fracture in the piston rod end connection of a certain type of
aircraft engine's intake and expansion nozzle actuator, combined with the fracture surface, assembly process, and
service status, an analysis was conducted. The results showed that the material of the faulty beam was not abnormal,
and its fracture mode was overload fracture. At the same time, it was found that the external nut safety lock of the
actuator connected to the beam was not tight enough, causing circumferential loosening, resulting in abnormal
eccentric wear between the inner wall of the lining cylinder and the piston. The comprehensive analysis results show
that the abnormal eccentric wear between the faulty piston and liner causes the piston rod to move and become stuck.
When the faulty component is discharged from the nozzle, the piston rod cannot contract, and the middle part of the
beam connected to it is subjected to abnormal large stress, resulting in fracture.

Keywords: overload fracture; K424 alloy; piston rod; eccentric wear

1 F&E V2R TR R K BRI . R4, ol g

IR R ARG H 1, MUNKA245 Gz, K424
AR BIEIUTERE L T BRI i A B, B LRy
v i R AT LAY T, IR AR B mT ik 950°C LA
b, KIEE R TR AR & sh LT AR A
TR o B S 1h] 3% 5w L A D 1, B i 1
) (11 % iz sh i HEE AT S 5k . R zh IRk R
TSN RIR T, Az HMb DRIER . iEZEMEDD R

SttkE D ARG T, HBEIESD IR GHA169
Maa®™ ", NEEHITIB AL, IR R B B
SRFE R ™, AR 1 3h 181 8 B 595 S 4T 8] B
PILIONIIY -2 5 i
2 AmdiE
2.1 BN =

AP R R 2 S An B L . | B LR

20244F FTH]

fry

www.mw/950.com 9 9



#h A 32

Heat Treatment

W 0 AL T2 SR EAT Be b eI, WP AE
L EAAEVI R . MR, DARCHE R R Ry
fiE. MF5E H RS B R R 05 2 T 5 ok, R
(4015 S AR AR RPN Bl ik B (P DI IR, A
SR O, W A AN (SIEEFFAHE M) A7
FEGF He B, ST WL R 2 R, b 2805 1l i A0
N, SIEZEAFE R D5 i —%, el ATE S an & 2
FiR.

a) Wil

b) Wi nEsR2
B2 REFOFHR

b) Wi fr E ROk
Bl HERARENRES

15 I P e 72 R 5 — M, % 90 560 ) 5 ¢
AT, R BTG . — W 7 B I
5, ANPEBF . 5y WRHCHE R, P L AR £
180° 4 il ) 175 il 10 BE 45 75, — ) EL 3%k 77 6 —
8mm, FEEFE A E, BRI O A KT EE2.5mm,
HBI£920mm?, BEURENAEAE 4 K115mm .
0.1mm ., #0.02mmf & FEARE, RIS, a) TR
BRSBTS, AR,

i W T 25 o 9 160 B — W 15 8 75 T,
NG I SIS E G B ST il — 5
TR A B B, B IR R, JE
JEEJRE 5 5 AT 3 il 5 AW 2« 25 g R 1
{1375 9 5 1 SEAT 1715 W B AOGE DR s 16 T2 de b
A, SR B TR (ST R AR, s
BHRILH180° A% RS |- FRsisaE, 24k

T IR SR 259 240 A LA J, — 0 B AV o o 47 b) B 55—
JERCHE, MG TG TR, nESHi &, 1GEM B3 Aol fef e i T 79 AR S 3 B

20244 ZTHY
100 www.mw/950.com

#mT



a) FHfEPL—M

A 32

Heat Treatment

b) #HRIAL S M

B4 SR ERRTEREER

ES EERREBRRE

M0 AR 35 55 4] 15 AT FL PR 0P 5 53R 32K DC A

WA A e B, T B A R B ) 1) AR B £
amm, W BRI FEH I AN IR BRR L, IRl
BER B X S T AT A — AH 4B, 7N
AL A3 ™ 5 — 0T DL B A P ) BEIRE, JEAR R 1 0
TR 55— M AR B A X 38, ] A% mT L
) IR, SR E G S ) 0 DI A T, 4
6T/ . hf U IE # SR B o il R d B R B o i, B
SRR AR AR B AR, Sh1.8mm, IEH
SRR i AR BB AR, S46.5mm, dnE 7y
S
2.2 HENEREEEST

FE L LRI O, R B, SRR
Gl B, RO S ) + /0 Bk R PR AE
5N Bl fxtbe, OB SARE—B, a8
Fos e DAL, AT Il BE 5R 28 2 1 e T 5
BE RIS T, R R4 I L TD R P m] L R € 5 BE Yy

E6 EESMNE RN E
(WLIEI8) 5 i T R i ZEAT M T WE] 54 R N AL R
OB WIESARI R, anEOFR, XMW A, #f
TR IR B Yy . 6 FEAT T I T RE
Ry oy BT, SRR L, W1, REEy S
K424 i im A S ARPT . HeRs el R 2 i B 4 in 1)
L A S B € 5 B0 A 5 4 T AT R T T I 770

fry

20244F FTH]

www.mw/950.com 10 1



#h A 32

Heat Treatment

a) HiFEIg )

a) JELAWT A

a) 26 x

E7 W A SR T

b) IE

WU

b) AJhid #i

E8 WrORMAR

b) 200 x

B #EHERILERNIIRRNEEKE

®1 BEESWER ORESHK) (%)
It Al Ti Cr Co Ni Zr Nb Mo W
By 1 & 3.70 8.92 0.97 8.33 11.43 55.58 3.78 4.02 3.25
I 11 i 4.50 9.16 111 8.69 11.40 53.27 3.96 4.40 3.49
It C o] Na Al Si S Cl K Ca Ti Cr Fe Co Ni Cd W
WML | 55.34 | 10.95 | — 651 | 251 | 032 | 012 | 021 | 015 | 037 | 241 | 113 | 136 | 164 | 1.33 0.9
IH%EMFm | 8695 | 58 | 01 | 011 | 517 | 009 | 0.12 | 0.11 | 0.1 — — 0.12 — 0.7 | 053 | 0.06
102 s ts50i0m




o—8, AC. O, S,
3 ZHERE

xt e BTG FE AT . IR H G FEAT R, LA Rtk
P Aol i i YR o7 AT H: b o B R AT AR AR A AP id
FEAT 5 IE W 16 ZEAT AR R 2H 28 O O + 6 W T dh 4

10

a) 200 x

A 32

Heat Treatment

A, PR A8, AnE10R

B ot f R W AL . e A SRR Atk b, P il
FEIR AL E SH A B BB IR EAEA 5, H30~
40um, HIEAZEBHEEEE SRR BER—%,
WEILLFTR,

EEMRAAR

b) 500 x

Bl #HEAMERTEEEAR

4 FEER

X i S 16 FE o 4 LI 26 FT S IE T SE AT B
UEAT 2 CORE BEAS I, AR 10s, fin#k #3009
(2.94N) , WEEERMIES R ILF2, MEK2WFHH,
CAATE SoRC T o S ST 3 L A AR 1
B4y B A4340HV 5. 353HV,,. 343HV,,, £ILHE
ZR,

R2 HREERVER (HVs3)

e

1

2

3

4

Tiole

F A

310

344

355

342

347

340

TG FE A A5 R L

356

337

360

347

367

353

339

346

345

369

318

343

5 ZESW

BRI R R oy B KA245 GARTE, W DA
RR PSS RAE, RUBAS . RIEE EfE, W
SUVETT R ik BT 2, R TG FE AT 2 R S R AR T
AR R 4y B AH340HV, 5. 353HV,,, KU %=
S5 mRLZH AR + 6O G IR, P kL
JEABY, BIVEFRTGIEFTREE, IR W, &
Pz 5 2 20 (- o o JEC F 0 T 55 2 S AR AR A2 L, — ]
L MBAAETE, EIRARIE, WA R B
PRI, U WAl R LRI 52 DA HOR AR BURE . of
fai AL IR g DN T )9 AT AR TG 2 8 R 5k B A FE AR
FE S 1) o AT AL W B B (SRR AIE e BB RGO 5 71 28
RS, FRENILRIR O E SR R F 4 Bk
mEEE, WHRRE™ETERETEZ)E, 4ia bk
MEE, HeIR A i 2 55 e fAT A BE S 5 22 i s Bl ) AR

20244F FTH]

fry

www.mw/950.com 103



20244 FETHY

#h A 32

Heat Treatment

s o

e 5 {1 At 5 S TR R — I s 8 oo s ORGSR
. AMIEEEE A m e AL shamm,  ARAE S IR Bk
HIIMR TR BE A HE R /1 >4 0.0605[E . WAL (Al
Jy1.5mm, HE AR K EL=n1=0.0605 x
1.5mm=0.0907mm, SN Er SR ERsERE,
FIZarakic ERAAL, FIRSE AshE oEH, 1F
AP Bk v 1 5 A S v A VE T, 1R R 5
AR T ATIRE, Eah hmiEm, = 5h
HE), OIS EHAAT), BRREAZELE T mm,
AFELS Somm, FEARBRARASE, /= 4:0.357mmfy
IR, 12 18] PR A A7 7E S B SN IS RS 1] 5 b 25 A5 P
1, PRAEGURE, AnE 12K,

E12 HEEEFEATPEHZITE

ENEICRNENRCE 2: 27 ES- SN/ UAT
TR REAA Y, DA TE ZEAT 55 ek fRT PR AL AE R o
HIGIEWCHEINT, TEIEAT SR N BE A St fl, A2
DA R AR, SHEREERNE, REZis
B GG I SR RTEC & [ Bk, T BB PR
o HRABFLRFUER, e LR ) HE T
FEATJRIRGER S , FBAGELIE, WEEFF R,
B KAE R L W IM ok IN, TEIEAT EIENSE, BulE
5 Z BRI R 2

Zibnlimn, AR E R R sy 5 KA245 Al
P, WO LG ik bE , TRPE UL I TR,
W Ml B 2 R e T N BE SRy B T e B, TR SRR T
FEAT BB R, EIEATZ D RAES N, 52ZHIER
523 s A i S 2o B L
6 LAFRiE

ARXRG M T H W R RRN, "l A
XGRS IE R R R, MR NIRRT SERY
CRIBRAT o s R S HLEE & — TR ARG T

"

#mT

104 www.mw/950.com

e, EREEE D, B HNEEREE, A
ZAL—Len ANy, MARATRES IR KHhE, Fki
[P A4 200N A — 1 TGRS o

B3R

[1] 4R, T4, s, 4§ Ki2dg 448
WA R A g R T ]. FEHA, 2021, 41
(9) . 820-830.

[2] B, E&F, KL, . KAFHLGLKEE
BAERANEENH Y HAEL]. TEAZER,
2018, 40 (11) . 1332-1341.

8] mme«, R8liF, THhF, . K24648EF
MEMARERAKRD] HALEMBETIE,
2018, 47 (6) . 1779-1785

[4] xR, WEW, HER, £ XA NMRITES
FANE R BB ESN]. s 4B 5 T8, 2023
(8) . 73-77.

[5] RIEH, HFE, =9, £ CHARELERITFES
AESERAH R A RN R4t 5 TH#,

(10) : 99-100

[6] B, DTA. HAET L GHAL69 Fif &
SAEHEBERARE A FHEHE I AT E,
2022, 51 (2) . 114-117.

M %=z, 4%, kak, . BERKIZX
GH4169 mii &4 A Aty ], Wl%k
4, 2021, 43 (4) . 34-37.

8] #m4, A%, TBE, ¥. WREHAENRK
B SEEARFHERAN]. LEXFFR (T%
B%) , 2008 (6) : 91-94.

©

' |}'} 20240306



