Hot-Section Component Manufacturing ﬂ!%_l{ﬂ;ﬁ:ﬁ%

I FFA, FHk W EF, F DI KF4EH) T E R ER A THARBFR[T]. AL E #)iE3 K, 2023, 66(19): 41-47.
LUO Xueke, LI Ruobing, LIU Jianyong, et al. Research on EDM—drilling combined machining technology of micro-hole

without metamorphic layer[J]. Aeronautical Manufacturing Technology, 2023, 66(19): 41—47.

LR K FE — ShAI T3 A

=S AMIFEARTR

FER,ZEK, NEE, =R, BT, BT, M HKR, HER

(]

Qb7 B hfb T 317, b7 102617)

Ay FIAE gt ARG R TR B TH R, R T R KL - E e m T 2% ATEEmIER,

AR T H3x Z AR M, VAEILE K fb e T £ ShFo b B £ 469 b b B 42 4], 2w A 4% o, K fe e T 15 46 Bl T8
ARTH; RAAEIE 4hdkik Aol ot L dhit ERBAT. RTAAWMIAL, FAT LREREAHKIILE
SMIIEHR, mIdEP, Hdd Kibm T 24 T oI T, K583 45 i) 77 B b, K qem T 7% s a9 0
AT T, ARAERMDILILET R E. ATEZILHER, FRET AL 20° 45 A4 25 Tk, £
B ILAILE A e TP, N 20 E A (0.315£0.003) mm. KR AW, WKL —4EH E A M T AR m TR,

LR TR LA E S F R L.

K oM, R R EMI; AJEIL; K it T (EDM) ; 45 #)
DOI: 10.16080/j.issn1671-833x.2023.19.041

FEH

HE L, ARFEABER
REREHIE M TH R TR AR
BEE RSN AR

BEE LA UK L 3RE OB H
B BT AT U R
B LR E R B, AR

LR AL AR A R S
e B AR GEmis | v AU Sh L
WAL B BRI DE A T
B LTI TESLAE T

F AT RN LN T 07 3k £ 24
PACAL BN T H K AE Sl L N T 9
bi €1 | NGRS RS & )| NG £
PALIN T4 B2 KR O AR AR
THGHOCIT L2 MBUER S
[ R, (L JRCAL IR 22 B R 710
T IRBRFL I A 2R A e A A
TPy s _EE AR R ARE,
TALBESR DG AN B N TR R
K U, (R 2B 2SI T3, e
JAR B B, ANIE AN TR R AL E
0 BRI T 5 H AR
AR, BEE b R TGRS I TR
T JCER B N S R R X
(ELEAN T3 A A7 A A HIOES ol  PiL A
BAERE S ARG E P 1L

B EAETE 0.04 mm DL I H T4 K
(RS BE SRV, SR IO S i T2 HG
BT NI ERAEUIN T 5 X, B FLAE
FE/IN, SR BT b . AHRAEIm T
i FH Bl k EAR /N, T 2 BRI |
SRR 2, BN L R e R Y % P
545 70 HAR Zy 6 U1 g A0 1 3R 3
S N s TR - 04 N { WA RN
BXEBE I, in THRIRAR L/ NFL S
ARG
LKA INLIN T F AR HAT 3R
Fe k=X JG B B 2 WA A AR
SERI” SRR AL R AR AL T JC vk
56 R 8 S/ NFL D T e 56
Z— U2 E R AR N TR LR FLEE
FAEJL pm 2L+ um A EE 97 i
2, SRR BRI 7 )2 M ]
AN B GE 2 R 2 . A
PABETE H AT T () ik T v i A T
YERRHACEEH T, THFRIS R

* &I A b at ik Ta7bess CRHIFEZR 0 H ( BIPTCSF-017 ) ; Jb i@ Eie 4328 & B3 H ( 11000023T000002199202 ).,

20234E 55665 55 190] « it BlE A 41



- . .
—— Ix oru

A VREE , NIRRT A
TREE R4 T A )2, L BE R T
MRS BB G, X2 1) il FH 3
i e TR AT = AN RS2
FERINELIN Torp &l I T A
KAETN T BEOEIN T AT RN T4
I T3 AREAEAE— 72 1Y = R 1
PR e DL AR A T AR
LA 3804 s /N L T2 T A n T
JE AR [ N A F Rk — ]
L IFRE T2 E A I TR T AR,
Fean Xing!"" . Sabyrov!"™ il Jia!'® 4
YR sh S5 ke Tk 2 &
N, BT RLAE 304 AEEA Ehn T
AR ZY 30 1 B B/NFL, I T
JFE RN T34 AR AT KR 5 7EH
AR T 5 A T ARSS A 7 I
Nguyen %5 U7 F] ] 43 41 B ok 46 —
LA 52 5 I T4 R 7 SUS304 A5
B4 1o T N L B A Lk AE
TN T 2R T AR RN T ROR B
5, ME LR FHAE R ARLSEBR AL = op s bt
AR U R A - e E AN
T, FFTE R B AN T 3ERE st
T NSNS e RN S E AR P TR
SN T T2 053, BfLsin T
BORYEE T 73%, A H BLH 2 &L,
TH/NFLALEEAT A AE SR 7 pm P L B4
JZ 5 Xu %5 POl A KA - A E R
AT T 45° BHLm T
HARm LT AT, AT,
{8 FLBE 26 1 B 540 25, Wang 25 BV
F ] T Sk ) 5 H KA 5 ARG
TRG0, I HIE R Al B AR ] 3k
30 pm, HURHE DR 22 PT 45 H 7R L pm
Z W X RGN T 5k AE
TN A A5 2 T LASE B o o L
KU NLIN T, FEX 51, A [
BAFF R TR HIIM T 5 kB & T
SHARMIGE
AKIFFEAE A BARTHA T & 1 i kA
LN T T 2 52 4 3l -, LA
A A EEF SR, &5 A HL ok
FEIN TR T ASSZ A R it 1
SRV INFLARI 0 i T2 1 o 2 5 114

42 WisshEEEA - 202345 665 S 1910]

Heal, LATCAR i 2 ML T2k B AR,
P —Fp AL - B Z AT T
o MIEE AN TR, AL HEH
TN T A K AE — B A
TAe& HEE ST Rgh bl
TR SO0 T AR 2 A L BRACR

1 HBXE-HHEHIEENT
Agrizit
1.1 BAE-HHIEEMIRS
BRIt
ETHUNMLE &M TR RKIF K
PN T ARG TAES (e E ik
(ESEIN NI SN D7) M R
[E SRS ot R ) G B 7 3£
1 Bl e K AL — BEIE ST &
e MR TBETHE ], G H A AE i Trp
ORI Ty UREL & X, Y,
Z, Wil 4 A~ EHE5, 1785 5128 600
mm 300 mm.300 mm.500 mm; 14>
JERE A R il 5433 90 r/min.
HTE AN TR kA E
Sty AN Bl I e, 32 b AR R E [ — B

VAT A LKA T F 2 Al A ] [
FE B H L R, R X YL Z
3 AN EAAEA TP RIZ S 5 ARGS9 S
iz SR S FALE R B, WK A e
PN 25 BBl iz sh ], I 10 4
PER G AAR EAR

W ih (B 22 3R 25 %0) Je i Tl AR
AN 1 8 1) — o, A DM A5 S8 S
et 2 s R GEHEA TS RAET AR
PE A ) L I L IRLAS 5 A2 AL R i
R B IR B4 , WK Bh
ki sl & 2 AR AL, 2B
FL AR R 22 ) R B TR
1.2 HARLHHIE & EMERRIT

B2 s e K AE - B 5
TNl AR A e A i
FL BTN T AR T = AR s LA
By R ) R e KB TN 10
MPa 7K s, i T i v s f e 22
I SNSESRS , S B R | R 4540 1)
FHRT 48 25 BT PR E o Ay fek i r
T AR AR SN e, W A
T R PR O R AR S

. |
ﬁ” 2
v Kb R )v%mgﬁzf;%%
K5
B
Wl g7y §I B B
WRAS AR W AR
Ko ] A5

k-

B1 BAE-S$hHEEMI RS SEZITHER
Fig.1 Overall design block diagram of EDM-drilling composite processing system

LRNWNLIN
HEFL3
[fi) 2Lty

etk —
S

HL 2l

Mg

B2 NI - HEIE AT EREY
Fig.2 Spindle structure of EDM—drilling composite machining



Hot-

Section Component Manufacturing m%_l{ﬂ;ﬁﬁﬁ

L RRE % Tl R LA W) 25 4% sl iy R
Bl R 22 S EE R, i e /N LFL R
JEE 1 i SR e R BB 5 FE O UE S R
i AT LT R 22 8
— Ui A B B S A e, DL IE R
T AR AR T

P2 A Sk B ) EE S A
fr) B HE AL AT Bl 0 L R i i, d
AT 15 24000 r/min; {1 92 3k
BB T HLE 2 B L, 45 A
P g R Bt A ] ] AT SR IR
BlH) AL, BT AE I T
S 0 0 TR 32 A A B I A2 B
Wi AR AR S T T 3 KU,
PRI oK P = Bl 3 3] A5 3 [ i e YY)
[ — A (RSB hn TS MM 2 ) A i
Fz, U R A2 sl A v 2 g 32 o
BT E— 5 T kBT,
ST B kA2 B, RGN
A L T T B R

2 BRE-HHSESNIRSE

21 BAE-HHISEENIRS

BRI

HAG A0 T4l S s
FRGR A A i AL AL T i
K= R G, BA#AEERE e
5 AR R . BET 485 Bk
/O P il M K& T8I &R
S ANEIIRE s WA AL HEER A T
R, CPU A% Ab BREE Sy A 1430k i
WARE) T RIEFET, A6 i
B RGP E T S PEER, oA
H 2 LR T S

WU A IR R R gk
T Windows V- &5, I /2K H RTX 5E
SRR 2R GE A R S B OGBS 5 I 5K
Bl o R 2Rk B 557 5 0
HFE S QT s, il R LS =
AR RAE, RIER SR
], B F 2 4838 14 PCIE i 2k Pl
RS485 FEL ML RS422 Bk SL
5 EAARRE B2

52 A N T2 £ 1R AR A 2R G ok
TR i JE N 45 5 e i rEL Al 5 T4

AR B FER ARG, Hfl
ST RE AT LA K B ARG 00 ) e A% A0 T
P2 e A8 a8 ] LI T4
P B TREHERE 7, I AT LUARHE 42 ik
JEAME SR IE RS AR R IR,
TEATRIS 2R G0 0= g A v, 422 i
SRR i 2 F A 22 5 B 1 T B AE )
— BTN TR A
BLSCELTCAR 2 R NLIN T,
FE L KAE TN T 75 2 R Sk AT
FL, th = UIE IR BE G e FLEE 1A
)2 Fe B, T E R AL
P ZESEL, SR IN T RCR A T A
TR FEEREZ —, MEH
AN T At R, HLAR A i H e BT
VI R HEA T3z oy, Joik i 2 Al
TRHRE, AR KL - BiH 2 A
TN 2R 58 A 1 5 R kAR N T
TR R — it T R is sk,

SR BN TR AR R g

BeE 7L NC 484, LISk 45k

JE RIS B MR X — S80I R

TG T4, RS v B D T A5CR 3

BET AT, 3 BTR N E A

THEERG A,

22 HBAE-HEHEGMIRS
it
ARG LI T PCHL A

MR- |, S FE s D i AR 45

BB AR LR, DL 5E 4

AR TIRE . WE R R G RS

B A B RE ALY I shE

FUCH in T 45 . 38 3 PCIE &L4k

2 il v S R 1 4 R RRLATL R A

MES L RAIE 5 o 3l L RS485

SR B R AR R S

()32 s i e, HAAREE 7 R Go e

FtnE 4 fis .

E it 10:56:17

w0 [on[ome

it &
FaiT

e 00:00:00 _— FHGMT | | #FEiT
MIRE MIfFE AL ‘ o , o
% /min il L
5 (o [or] wonn
Ml W I ] »
M
HEICfF  Z0U-FR-EE. IO T &
X +000. 000 ggigs'ocoamlslos, ol
Y +000.000 wmi e
G04XE. 0 e .
Z +081. 957 G0, REsts
WIRP3333L02T; = |
W -001. 223 E%%E%i“ P
A +000. 000 —
C +000. 000 i
£33 EA N 3 08 3 PN N 8 8 Y 3 )
3 ESMIMERZRE
Fig.3 Interface of compound machining CNC system
AHLZEH G PCIE B4kl (5 KB frl iR FELAIL

Rs485,§é}2iﬁ{%—[

4 SEMIRGEHRSIET

Fig.4 Hardware system design of composite machining system

20234E 55665 5 190] « Bt hlE AR 43



- . .
—— Ix oru

FEL AR N T ) R T B AR /)N
AR EETE 10~102 cm, 7EHLIR
5 T AR 2 a1t o Jok b e e A o 28
SO, o Rl FE VR AR AR AL R B R R
T I A M55, DT 25 B T4 36 1 A
Bl mASHDIN TR h ) S T4k
TR SRR 3 i, ok — 3 22 (R %2
SRLTT ) 77 R AT B 2 S8 T A i
Ebre XA KM T EH5 T
1443 530 Ay ] S g 1 67 AR, 2 fik B
fih 2 S, T DAAS SC3E T HL KA N
TR EIN T RERE R A R A7 SR
TR, X B R g Tkt
Wit E R, S84EL A NC
$& 4 W BE A, v LS B K A6 i T
F A AR =R RE R A S d R
Tole A

3 WMILEAMIIZES
e

AR

EAH KA FILRCR A K
FVRGE N T 2% 18 T AR T2 0 R 4R
W12 TR ANEE RS BAR
SGEME AT EMITLHES T
et W 5 s, BAEIMT T2
HPHIE TP (1) 78 TR A HERE L
INFLIN T A B FE A B A T K AE
Tin AR B — > FLBE v A A2 i 2 4

31

fLs (2) HAEGHI ) B A7y F0m T,
FIF TR I 7] = B fLBEAR I 2
TSR TE A 5 22/ LI T
WIEEAM T T2 fER G hit
T EAUIn TAEHLIN T (& 6 ), Pifh
I TS5 ] b s S LA 22 A R H
W (L% 22 N4 0.09 mm, 4ME 0.22
mm ), RGN T, TAE Y
F B 7K (H, 5K 60 ps/em ),
JE 7128 10 MPa, w75 20k A s
PR B AR 25 B Sk i ) by i
A4, ik HAS 03 mm, B
1RG4 DD0 H AT fL S+ 21 Fa e 14
5B v R i Fh I e Al 2,
Rt 2 IR AE I R B 1 e T AL R B,
AAFFEESE 10 cm x 5 ecm x 2 mm HY)
B i TR A R AE SR ELAL N T
AR L6 (a) B i EALINn Tt
T GH4169 J&— Mt ie s b B 5L =
A4, LA M A R LG

Fy

(a) HAL

PERE K458 ) 12 AR 2 & shll
TR S AL A o 3 74 ) ) s oy 2,
RIS 10 cm x 5 cm x 1 mm [
GH4169 /= ik & 4 M AE b RHLm T
AR KL, B 6 (b) B RN
Tl e, Horp TR} 2005 &1
T BRI T 2%k,

EESMT RS T T 24
5, B e A i S A R H
KA T 3 A EAL, FHE AT )7
T3 A /NFLIEAT X H s SR DA
GH4169 /= & 4 0 A1 REF HL k4
T —ARHL, I A T —A3t
FLAEATXT LS . e SR n TR E]  H
A B RN FL AR AR A A i TR
() S B e A, 0 P S S B L5 i A L
TR LRI | s
MFm R 3 NHERG, ek EH
FLIET LI TR 15 s, BHLY L
A TE] R 30 s

(b) FHL

6 BEAEMIEALMFILMNIREE
Fig.6 Processing diagram of EDM straight and oblique holes

x1 WHMIAXSEHIEE
Table 1 Comparison of parameters between two processing methods
T2% HALIT AHLIN T
TR DD90 GH4169
TR /mm 2 1
fBURHAEE/ () KA 20
Ik G B s 8 3
Jhk ] B /s 20 8
5 MNFLEAMIER W1 L 75/ A 6 2
Fig.5 Micro-hole composite processing .
B} NETAY 120 120

equipment

44 WissREEEA - 202345 665 S 1910]



Hot-Section Component Manufacturing ﬂ!%%"ﬁ:ﬂﬁ

32 REERSHH

22 M3 435Ik L KA ELALM
TR AT A B

K7 (a) frR N H KAE B3N
TAS BN AL AT, i T 2R i fLEE
AN FEIAFAE I H T T B 174 TH1 35
A, HAFLBE R W AE e Tad 72
Hh B SCER B VA SR R R ) IR
R A FLBE 2 TP AR 02, T3k
LOHEFER, K7 (b)) WEA
InTASEI A AL R mTE S, A H LB
R EL BN TN T R AT AR
JRE BRI 2, AL LT
B EALAE R, & A T ) ap
PLEEHITE 60 s 247 o

8 Bz L K AERHLIN T 5
EEM TR L. WA
H R KAE N TR R LALBER A AL
BEURAT R N T A b S BET
BFE AEFLRESR 1T, B AT M A
(1518 (a)) ; EAEMTRSLALEED]
S, ELAR T S BRI T AL
AORFAECIET 8 (b)), T W £L N BE K
PR —ER LR, 2 a8 M T T2
HAg T BRI TRl 4744

K RHLGA DT 6 f K AE T
A AN TARHLFLBE SR i A7 A1
RS, WL 3 i 42 J 5 HA oA i O
K ZE R AP 9 Bis. 1809 (a)
FEL AR T AR L Y BEZS Y, 22 J 2 5

F2 BAEEILMIHSE
Table 2 Data of EDM straight hole
1

TS BB (s | L4 /mm
50 | 241 | 0.286
48 | 267 | 0.287
41 | 304 | 0.286

®3 BN -SHHIESEILMITHIE
Table 3 Data of EDM—drilling composite straight hole

TS | B (pm e <) T mm | LS
45 | 269 0.318 | 15
47 | 258 0.313 | 15
43 | 278 0.315 | 15

(b) EHMT
7 EHILEAMI/NTL

Fig.7

Micro-holes for straight hole composite machining

JEN 5 um; K 9(b) MEASITHHL
PIBESEFY AT LUE H FLBE R T A TE
AR i — R AN T
35 2= 5% o, KB N T FL P BE Y 78 R
2 AR TR

4 g

AF St BTN T A NFLFLBE AR
TEAS T2 B ) B, 78 KA — AL
HBIMT ARG AT Z AN Tl 17
AT IT S8,

(a) HLKAEMT

(b) &L
8 RIFLBAEMISEAIE -HHES
T3tk
Fig.8 Comparison of EDM and EDM—
drilling for oblique holes

20 pm
oA |

(b) ZHMT
9 HAEMIESEMIMFLAER

THRESAE
Fig.9 Metallographic diagram of

metamorphic layer on the inner wall of EDM
and composite machining oblique holes

20234E 566 551910 - At lEEER 45



- . .
—— Ix oru

(1) JFE T KIE - B =2 &
TR BN R R4, wT LASE
PREEL KCAE TN T 3 405 Al 0 S Sl R
Bl e [ U RER S E
KAEI TR HIIN T E RT3 E
S SRR A 20 R 38 P TP R

(2) $& H—F e kA8 — S Elm
TREAMTTZ, IHE R T
BAEM T T LA
T LA 225 FITE (0.315 £ 0.003 )
mmy,

(3)H AL -HHEZAMT A
N TR FLBETCAR 2 i T
v ST SRR A R 2
MU T A ST

& % X ot

(1] & &, k. B LA R T4
ARUFTE IR KB 1], iz il HR |, 2016,
59(23/24): 108111, 115.

GAO Fei, GU Lin. Review on the
development of non-traditional machining methods
for the processing of micro holes[J]. Aeronautical
Manufacturing Technology, 2016, 59(23/24):
108111, 115.

[2] HASAN M, ZHAO J W, JIANG Z
Y. A review of modern advancements in micro
drilling techniques[J]. Journal of Manufacturing
Processes, 2017, 29: 343-375.

[3] MARLINA Schiitze. 45 % W fLfm 1.
BRI [7]. BRI |, 2022(1): 18-19.

MARLINA Schiitze. Application of
precision microhole machining technology[J].
MaschinenMarkt, 2022(1): 18-19.

[4] EREE . ORTERBUIMLAY I T HOARBESY
1. BUCHI B AR 524 |, 2015(5): 52-54.

QIAN Feng. Research on machining
technology of precision micro hole[J]. Modern
Manufacturing Technology and Equipment,
2015(5): 52-54.

[5] SUCHANEK L, ZETKOVA I.
Evaluation of the surface small holes drilled by
unconventional methods[J]. Procedia Engineering,
2015, 100: 1582-1590.

[6] MALINAUSKAS M, ZUKAUSKAS
A, HASEGAWA S, et al. Ultrafast laser processing
of materials: From science to industry[J]. Light:
Science & Applications, 2016, 5(8): e16133.

[71 JIAY C, WANG S X, CHEN F.

Femtosecond laser direct writing of flexibly

46 Wiz REEEA - 202345 665 55 1910]

configured waveguide geometries in optical
crystals: Fabrication and application[J]. Opto-
Electronic Advances, 2020, 3(10): 190042.

[8] EMF, B9R, R, % . fflinT
HORJEE (] MRS 3 5% E, 2018, 38(12):
6-8.

WANG Yangyang, JIA Chen, XU Min,
et al. The prospect of micro hole processing
technology[J]. Hydraulics Pneumatics & Seals,
2018, 38(12): 6-8.

[9] LIU G D, L1'Y, KONG Q C, et al.
Research on ECM process of micro holes with
internal features[J]. Precision Engineering, 2017,
47:508-515.

[10] Ak, £AwiE, TE40, %5 6
F /IS LB ARTE S 25 R Sl LA 1 W g g 11
TN A B R FHIEEE (1. s dildE HoR | 2020,
63(13): 92-96.

SHI Hongguo, WANG Fuhai, DING
Zhichun, et al. Research on application of micro-
hole drilling technology in processing of aero-
engine fuel nozzles[J]. Aeronautical Manufacturing
Technology, 2020, 63(13): 92-96.

[11] KONDO E, SHIMANA K. Monitoring
of prefailure phase and detection of tool breakage
in micro-drilling operations[J]. Procedia CIRP,
2012, 1: 581-586.

[12] MR, #EBUR, KT, 45 . B
FL K AESRAL I T AR B S BLAR [J]. WA R 2
BT 242441, 2018, 23(4): 25-30.

XIE Baocheng, CUI Hexin, ZHANG Yuan,
et al. Current research of micro electrical discharge
machining of micro-hole[J]. Journal of Harbin
University of Science and Technology, 2018,
23(4): 25-30.

[13] ski%, EWesk, MILf, % s
PRENFJZ DR ACHARWI T I ()], 21k
TR, 2023, 30(2): 16-25.

ZHANG Biao, WANG Xiaoqiang, TIAN
Yingjian, et al. Research status and prospect
of ultrasonic vibration surface strengthening
technology[J]. Journal of Plasticity Engineering,
2023, 30(2): 16-25.

[14] XING QX,YAO ZY,ZHANG Q H.
Effects of processing parameters on processing
performances of ultrasonic vibration-assisted
micro-EDM[J]. The International Journal of
Advanced Manufacturing Technology, 2021,
112(1-2): 71-86.

[15] SABYROV N, JAHAN M, BILAL
A, et al. Ultrasonic vibration assisted electro-
discharge machining (EDM)— An overview[J].
Materials, 2019, 12(3): 522.

[16] JIAB X, WANG D S, GUO J Z.

Machining deep micro holes by EDM with USM
in inversion installing[J]. Materials Science
Forum, 2009, 626-627: 321-326.

[177 NGUYEN M D, RAHMAN M,
WONG Y S. Transitions of micro-EDM/SEDCM/
micro-ECM milling in low-resistivity deionized
water[J]. International Journal of Machine Tools
and Manufacture, 2013, 69: 48-56.

[18] NGUYEN M D, RAHMAN M,
WONG Y S. Simultaneous micro-EDM and
micro-ECM in low-resistivity deionized water[J].
International Journal of Machine Tools and
Manufacture, 2012, 54-55: 55-65.

[19] WCFEAR . L% A ShHLEL B R
ANFLHL K AE — BB S S I THORBESE (D).
A AL AR R , 2018

HANG Yusen. Research on micro-hole
ECDM machining technology of single crystal
material for aero-engine[D]. Nanjing: Nanjing
University of Aeronautics and Astronautics, 2018.

[20] XU Z Y, ZHANG C X. A tube
electrode high-speed electrochemical discharge
drilling method without recast layer[J]. Procedia
CIRP, 2018, 68: 778-782.

[21] WANG Z Q, ZHANG G Y, LIU B.
Detection of wear condition of micro milling
cutters based on length fractal dimension[J].
Applied Mechanics and Materials, 2014, 577:
697-700.

[22] RiMZR, B, k&, 55 . iz
S B HLANHR S HE ALK S 3 P ok — 2 55
W E [0]. R AU A K24, 2022,
54(5): 771-788.

SONG Yingdong, LING Chen, ZHANG
Leicheng, et al. Research progress on hot corrosion-
fatigue of aero-engine and gas turbine hot-section
components[J]. Journal of Nanjing University of
Aeronautics & Astronautics, 2022, 54(5): 771-788.

[23] FMGENE , &, IR, 55 fRAE
B A A AT (7], TR AR
2012, 31(12): 1-11.

SUN Xiaofeng, JIN Tao, ZHOU Yizhou, et
al. Research progress of nickel-base single crystal
superalloys[J]. Materials China, 2012, 31(12):
1-11.

BWIRIER - XI5, B2, Wk, WPy Tl s

SRASRHRERIIN T HAR B R GUT R A

REAL SR BETT K% Bk bl TR 42
(Uit t %)



», N
Hot-Section Component Manufacturing ﬂ%nm l ﬁlﬁ

Research on EDM-Drilling Combined Machining Technology of Micro-Hole
Without Metamorphic Layer

LUO Xueke, LI Ruobing, LIU Jianyong, LI Dianxin, YANG Xiaoyu, KOU Pengyuan,

LIU Jiahao, YE Zhijie
(Beijing Institute of Petrochemical Technology, Beijing 102617, China)

[ABSTRACT] To realize the demand of processing the air film hole of aviation turbine blade without metamorphic layer,
the EDM—drilling combined machining system was developed. According to the demand of the system mentioned above,
to work and control in coordination with two axes, system architecture needed to be designed and optimized, which ensures
that EDM and drilling operate independently of each other. Meanwhile, the system can realize automatic control of motor
spindle speed and the stepless adjustment of feed rate. Based on the combined machining system, a processing technology
of micro-hole composite without metamorphic layer was developed. During the processing, firstly, a micro-hole was
processed by EDM. In order to removal the metamorphic layer on the hole wall completely, where the hole needed reaming
with drilling tool. The basis of the technology mentioned above, a series of compound processing experiments of straight
hole and 20° inclined hole were carried out. The tolerance range is (0.315 + 0.003) mm. The experimental results show that
the EDM—drilling composite machining has the advantages of high machining efficiency, high hole shape accuracy and no
metamorphic layer on the hole wall.

Keywords: Compound processing; Processing of non-metamorphic layer; Air film hole; EDM; Drilling
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Reinforcing Mechanism and Property Investigation of Silica-Based Ceramic
Cores Based on Different Mullite Fibers

NIU Shuxin', LIU Zhipeng’, ZHOU Tingting', SI Yuan', LI Xin', LUO Yushi', WANG Dongsheng',
GUO Xinlong', SHI Zhenmei', JIAO Qi', ZHANG Tengfei', XU Xiging’

(1. Science and Technology on Advanced High Temperature Structural Materials Laboratory,
AECC Beijing Institute of Aeronautical Materials, Beijing 100095, China;
2. Dalian University of Technology, Dalian 124000, China;
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[ABSTRACT] Polycrystalline and amorphous mullite fibers are employed as reinforcing phases in preparation of silica-
based ceramic cores, respectively, and the effects of mullite fiber types on property of ceramic cores are investigated.
Amorphous fibers are not so obvious as polycrystalline fibers in promoting crystallization of cristobalite, reducing
shrinkage, and increasing porosity. Compared to polycrystalline fibers, the amorphous fibers have disordering structure
similar to silica glass, they are easy to form tight binding with the matrix, enhancing the strength and creep resistance
of ceramic cores. Moreover, the metastable structure of amorphous fibers ensures the high chemical activity in alkaline
solutions, and the ceramic core exhibits excellent leaching rate. The silica-based ceramic core with a mass fraction of
3% amorphous mullite fibers exhibits excellent comprehensive performance, with bending strength of 27.7 MPa at room
temperature and 22.4 MPa at high temperature, high temperature creep deformation of 0.31 mm, and leaching rate of 1.26
g/min, which can well meet the casting requirements of hollow blades.
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