PR .
—— ¥ oru

Wiz A SR £ < e R i
R EVIREARI I

Fr , =R, ZDME, K B,58 K
(T THILK FIMM AR B HILFRE, D 114051)

[(HE] MEAIHPINHFERAARESLEETE, T ELEATIRY F AN R B4 A RGBS kL rk,
A —ANBEARBA A, A REEH B L R TARRARSE T ERNRTAFTEIK ., MALE R SRR
FEW R AEC B R BT BAFBRSLS T T AREHAKRIE, RN oM XA EE B P e A4 AR
FVEL , fE R K B Ae REMLAE B BLiTE M PR VA B EAR T KR T T @, A LB R A A TR T AR AT, 135 T — B4

& L EH R, R EERE AR A I Loy k355 & MR B B - e AL 2] RAFe91E)R
KRR RS2 T B B BTE ; HEMRGE S BT 5 BTG AR 5 A PR TAEM
DOI: 10.16080/j.issn1671-833x.2018.09.040

IFELT HE ITREKRFESE
BERISARARAAIK. NBERLER
AREREEEHEFIER FENIS
BENERXNBEFSRIATIE, £
HERFEREREIFTERTHEARRE
BMELSEEN TENERERZTTH
IR 1 T, EHERT 973 REATE M
FRERARRATE ST, REERHR
HF=ERMTRLHES —FR, &
FEPEFMLAIEET 20 ZIT,

40 Wiz REEEA - 20184 615 5591

TEML S K S HLAN R B B i
TR, th T RPN, SR
TH LA A it 3R 2 AR A [a] B4 254 (]
1), T ELAUAS A shpILA M A8 SR AR
I DL 3l SR S W B A% i
R A 23 R SHLE 2 A B, T
(ST E - R o I IV
AR P T3 28 AT oA B AN 32 ST
TEERNAET . EEE, N
Hhegds BRI T KRR AT T
BEASTT ROT R T 0HE AR

FAT, %5 7 A —Fh H A
WA S D78k RERE T AL X 4
PEOE 7= i 22 75 TR 2K, I8 5 i
e R FEREAR, M 2 —Fh
RGBT T2, RR ] A4
FRE, BAT B BT I TAERE
25 RPN A T R a5,

*EEMBE: HXAAREEESEIH
(51105187 ) 5 1L T8 ASARF ARG 1) i 5 50
H (20170540458 ) 3 A% %5 /R b T 5 i il 1
PR YE T E S92 (B 28) FF AL 4
(B201703 ).,

HZ JPARBLEB R 52 2% AEAE AT T
Jo7 S AR A, i e P e 2
T A RT3 A AT AR,
TE TR fErh, B2 T ARG
iy SECH A N I AL i A
T TERERAE T T I, AT RN A T8 2R
GRS I 2 —, SF M
B A S HLET T e R,
RARR I BE AR BR G 4 A M0
HAENRmM TR, 755K
S5 )| 0 BN 1) R I g e B
FErb FE SR AR, M52 2147
T2 3, RS Ji 7 A R A
SRR NI S 45 5 7 R R AL
J& R B A ) 57 A s
SR RN IR, MR AR TE A A
ANy A R A, P9 A THTHELRE I LA A
JEREL, R T R S,
G R R R R ATRENE ; [F
N, R B ZREGA 225 S i 1 Fe i
HIBE 55 L, RO HBFEARR 14 % A T
VERATSEPE. 5 oh, A B AR il 1
it T R iy 2> BRI, B bt



Advanced Manufacturing Technology for Aero-Engine ﬁajm%i&ﬁuﬁﬁ*

RS R TR RSB H BURE, Rl
PRI 55 5 LR 55 W 2L RIH51 17, 2
BB — AN Lo g i g
H TS A8 25 R AL Y A A
AT, PR TG AR BN T LA AR
2%, ARMEIS BIG BE ZR Rl 2 40k
AN, B T HICERA B
BB LLE )RR 2 &
LM P R A RS, 5 PUAR
S BAIL AT A o A A X4 i A —
FAERREAF T 5. gk
KT FEIE ], M RERITIES 2 AT L

B MR R L
23037 3:0E L

W 2 FoR R PRI KL T
1S3 R HEB NI UG 1 205 A —

i A T M B ORE & Y AL PN
/N5 1) AT A “RERR” A8 R
LG o R “TERLR™ X R
WG L BEIR X S — R B Pk
AR, Al 7 R I A AN L, T
Tk HE BRF IR0 T80 52 B A
2 BTN T P, AERES
H1 TR T B L TR B R AT B D7 92
PRSI T R LA 32 T AR 1
TR B , R e AR L A 4t T H:
okt AR AR AL B, A 7
e MR R PO, NS RN R
TET PR AR B AN R D) SR L 2 I Ao
b A AR AR T IR E
RERTTIE 5 I T 2R P I TR 3 T
B ARG BORAN R, HA B
X IERS

Bl MEEIVIMBSEHEEE
Fig.1 Aero-engine external tube structure diagram
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Fig.2 Principle of magnetic abrasive finishing on the surface of the inner hole
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Fig.3 Machining principle of the inner surface of the bend pipe
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Fig.4 Schematic diagram of the rotating mechanism of the magnetic pole



Advanced Manufacturing Technology for Aero-Engine Ea’m%i&ﬂﬁﬁ*

HORBE RS, B HI7E 15000/min AR,
0 T R v A ) A Ak ] Al 3K
BRI E

3 WREBHITMKIET

A5 PN 2R T AR O i
A TG B R Sl 2 A
HEL, Bl B S AR N T
Ji) B 31 5 417 0T B A2 ) 38 4o 25
B IE A , e Tad A p il
ke E 5 AR A BT
Jr AHLA T 132 Zh 0 s 65
BRI EZEHAM,

FE X 23 () 725 A5 B0 00 B A I,
SR A 1 D IR AT, B
T Ao ) A A T A R L, A K
AN JEE S 8] g, 2, 3 3 % AT
B AL 3, IR AT S 5, X s s AT
PUA A T A AM R FE B 4k, SR )
it FH A1 I3 28 48K 1 R 52 19 7 vk A G
T TR O B as B
AT S DK S, BIVRT 3R A5 )t
B AL T B 2 3 Bl R 7 AR
T 35 X A7 A bR ) S R B e, 8 T
A R B T H AR RFEIT AL,
I AT E AT 1907 B 5 A
5 FiR .

4  wEEEIET

BB S T EHEER S 4 (FE
M T AR ), R A B A S A T A1
AR, oA A A HAR RS an &l 6 B
N6

ARG 8 1k MO IR, 53 5]
I ANSYS 3 s 4 PR T
B, 2 AN [RIREAROR AR B 71
2k WS R AT HE, B A
2o NI AHLIU A 5 08 AR O (1)
SEAERL i 7 Fis

XPAEETR rp £5 T ki
L 2 R

X TR IR T A K] A3, ST
TERRR orBEA T ], W B i 1)
58k 20 1y, 4R Je SR FH B 5 3k Xof
AR A T BRSRS R) 43 , R A3 A T AR
K B RI53 5 A B TT s A
il 8 Frs , AR 4 WIS 8 il

ERERNFS

FERETE T

T HARRZ

E5 #HUMFARHELE
Fig.5 Manipulator position transformation diagram
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Experimental Study on Precision Grinding of Titanium Alloy Conduit Inner

Surface in Aero-Engine

CHEN Yan, LI Longbang, ZENG Jiaheng, KANG Lu, HAN Bing

(College of Mechanical Engineering and Automation, University of Science and Technology Liaoning,

[ABSTRACT]

Anshan 114051, China)

Most of the external tubes of aero-engines are titanium alloy bends. The inner surface defects caused by

the bending process in the cold bending process are difficult to be removed by traditional grinding methods, which is a
technical bottleneck. The grinding and polishing of the inner surface of the titanium alloy elbow can be achieved by the
magnetic abrasive finishing. From the case of the application of the titanium alloy catheter inside the acro-engine, the basic
principle of the inner surface of the magnetic grinding titanium alloy elbow is analyzed. At the same time, the key techni-
cal problems in the process of designing the grinding device is analyzed. Through theoretical anatomy and finite element
simulation analysis of the magnetic field source and magnetic pole shape and trajectory design, a set of relatively complete
process plans is obtained. Experimental results show that the magnetic abrasive machining method has good effect on the
internal surface of the elbow defect removal.

Keywords: Titanium alloy elbow; Magnetic abrasive finishing; Track of magnetic pole motion; Magnetic pole shape;

Finite element simulation

46 WiEsHEEEA - 20184615 5501



