FHEHIFFE SRR 2023,17(5) :967-982
Materials Research and Application

, ElFnE

http://mra. ijournals. cn ¥ ’g
HER S

Email:clyjyyy@gdinm. com %"

DOI:10.20038/j.cnki.mra.2023.000515

FEEHNARFSEERARET
BEAERHTRERNSERERTNARER

TrARY, ERL L RFEH HRY RANE
(L7 PERHE KBRS V7 TAR2EBE ) T MM 5450065 2. )" 4 AR B BRI 52 B /BLAC bR S TR A
FR TR SR/ AR B RE TR AR E LG RE AR M 51065)

WE: MEMEMAEANL R AMNGE AN A EHERERET . RADABRINA R GIEZH M
BR,AMNTRINHEGRS . THABERAPNRRINNEZHGRTERATRE , AR AHTA
BORGEANKE, XTURD A R WERURP . S TTERATRETN S, TEAREEZLR
EE RARGFE. S0 T B WAk B SOR R B A R RO B AR R 89 BT ALK, AT
THEB srSsh R BARNYE, URRERAEREE PRt R/ 2t g FRE
EEEMR RGBSR YN, B WL ENE T B R BN B RALERATH R, T LS

FAGEABAETERRERETMNAERREETENER. &TE, 5

BT RER AR ROFRT M#ATT RE.

KGR MR BT ERE WS EERHERA

FESES:TG17S XERFREARD : A

HETHRERBETERAT R

NXEHS:1673-9981(2023)05-0967-16

SIS FIHAR, RV, TR 8, 45 AR AR AT R ™ U 2 ) o M PR REST AN WEST kR [T ). BPRHIE ST 5 R0, 2023, 17(5) -

967-982.

WANG Xvdong, WANG Yujiang, ZHANG Xuemin, et al. Progress in the Preparation and Performance Evaluation of Alumi-
num Based Abradable Seal Coating[ J]. Materials Research and Application, 2023,17(5):967-982.

0 58§

Bt 2 2 L IR AIL B4 BT L D B K 7
PR KSR B, AT AT AR AL e A
ey 2 B0 TE A L T RALES & BT, S AT
AT DL By B R 15 R B K B R T AR
A 0, AR AR 2 B & T ok B B R T2 Tl
L[] ol 75 4 Bk HE 2 ) B T, R AR
B Th A BRI S RO R AR T AR
AT B S ) ) BT S e S LR S Tl B
U, A0 R S ol 0 e SRR B B 0 S T AR R R
W00 B HE WA T SR, XA AR S S HL B A R
B4R Y TR g B R

5L 25 2 BHL A B LI 55 R 22 ] A il A Ak
X T2 % Sh L R S AR O, HL7E AN [l 9 & 3
HURIAR [7] B9 R AT 45 10 F #5455 A 7] EL M L B
A RFE 3 Y IR 28 K S HLBLIE 5 R 2 ]
] B 7T LA A i 3 75 R S LSO (LI 1), 5 s

%5 B #5 : 2023-06-06

A 42 a) B4 08 /N 0. 25 mm, Y EE B I8 /N 0. 8% —
191 4% ) a] B 4 A 0. 13—0. 25mm, 19 56 550K
PT0.5%—1% . HIL, R T KT &L
PE g, B 2 R 0T B8 8 98 /0 BIL I 5 2R 2 ] Y ) B
TESEBR AR A% 2 A2 A, i T 28 il iR 22 3 B0 B N X
PR T B B K | A Bl R B 0
JH At AN S R A 8 7 A A 2 Bl R DR i 2 [
B — B AE AR Ak, 3K 1T R ORI 0 R B R
AEMLAR G o TR 45 LR T — o bl ™ A5 0 L
(A AR Y- O B B N Y o Sl e ol i K e <6
N7 T 300 57 R AN . E — A LR B - L
Ko A COL & 2820) wrml i, 76 3% 3 I A BE 58 42 10 8
L N S0 v =y B AN -3 5 W N N [T
oY Sl & NN RN I A NS S Gl s 6
KL T S R AT op ok i B T B RE B IR Z . R
RN R RS AR T AR BT 6 & ™ %k
UL 3 B 2 THLE 5 RS AL A 2

ELTB . ARSI H (2019BT02C629) 3 FFK H KA BR# 2415 0 (22262005)
YEF BN TIA LW AR R 9T 5 ) S B0 45 R, E-mail : wxd0720@foxmail. com
WSS R WA, IR 1T, TF5E 7 [ R R B AR |, E-mail : yangkun@gdinm. com.



968 MBI S 20234558 17 556 5 M
10 2Ehih/%
o UUJI_
sk 7
L g e o RS
A \ s L o
M h 6F /'/
e Lo i
> T « e
MIRFEIRAE N\ a /S 2 T R T
N /L' ‘/’;’ -
Q 5 <= RGIHLE T
CEEE)
5 4 3 2 ] 0.01 0.02 0.03 0.04
PRI FE/ % AL
E1 EmEEmEL2sif&EMEEMERENZW(A/LAHRENEESS
MHRKEREE)"
Figure 1  Effect of radial clearance on efficiency and fuel consumption of aero-engine
parts (A/L is the ratio of the tip-tocasing distance to the blade length)
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Figure 2 A typical rotor and magazine
elongation process
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Figure 3 Compressor coating usage at different engine at different temperatures
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Figure 4 Evolution of rotor clearance during the rub interaction in three phases
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Figure 5 Multi-factor-induced wear behavior of abradable
sealing coating
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Figure 6 Cross-section morphologies of the Al and Al/hBN comp osite powders and coating
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(a)—hBN clad Al composite powder; (b)—Al and hBN agglomerated composite powder; (¢)—

Al clad hBN composite powder.
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Figure 7 SEM morphology of three composite forms of AISi-hBN powder
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Table 1 Basic properties of AI-hBN coatings with different graphitization indices (G.l values)
9 G. 1 e/ % Ak 4 )i A0 B2 ALBR 4 5 He/ % % IR 2 (HR15Y) 4559/ MPa
1 3.97 41.41 30.9 78.7 7.86
2 2.97 37.56 35.5 71.2 5.93
3 1. 26 21.14 45.2 62.0 5.62
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Figure 9 SEM images of Al-hBN coating prepared at three substrate temperatures
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Figure 10 Effect of matrix temperature on
Rockwell hardness (HR15Y) and
metal phase content
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Figure 14 Schematic of the formation mechanism of the shear lip and the transfer mix layer



976

MBS 20234555 17 %55 5 )

I R S 8 i 1 2 T8 3R 8 KT U /), i 2 R R TR
JEE T 3 KL % SCHR B s T 5 Y1 1T AL
BRIV e 5 R Y BRI ARCR i R 2 (R ) A Ak
HARE AR, L RIE R T X235 VI o 2k Ay 1%
KA AR 5 0 2 5 vk e ik v ) 9 /0>, AL F 2
B X I F R R 2 I E S LBk, H
X gk J2 AT B AR BE A R i [R) A A7 B IR 2 A B AL
B B P R AR R AR, B R T
TR ZBEFEAT Ry 1) HAKRSE w415 R T

3.4 HE=E

Gao "B 58 T NiAl-hBN Ml AI-hBN AJ Ji &
B RIRER TCA M 7 By BEEE = PR RE RS2 0, 42 10 T
JBE {82 3% T A% B B K AT fig iR MPT (Maximum
Possible Temperature) fl F+ ¥ # * TRR
(Temperature RiseRate ) J& 5 Wi I 5~ 1] 5 #E 14 68 19
PO A G B PR 2R, MPT A BR il 78 8K F 19 Al-
hBN 7k J= 8 NiAL-hBN 3 2 10 5, B4 5 ¢ Ak If
HAVEEMN X 2R TEEAR, 5 TCAM
A TRR B 5 9 NiAL-hBN 3 )2 HA 3 8 1 LA o
BE BT RIZ R A

AR MRZNYWHE S, %A/ MTP
5 TRR ¥ — 22 1 7 JC &8 NE N, Kk B0 ok B i
JE A

(Tmh) a
N,= =
T,,,,[ ay,
Hop T,y FT, 30 AR 2 R0 5, a, A
a gy R R AR R R R ER . Y N AR

(a)—# IR 5 (b)— ke & R i L
(a)—overall picture; (h)—partial view of the receiving device.
15 HEHREAMHBNIREET
Figure 15 Experimental device with high-speed transmitter

4 RETE MR R
1T ALSE ] FE 0 E AT L5 10 g 24 1k

KIRZEG WG R 528 N> AR R R #5405 8
DI WU 2 B A TR o A AR A b Y e R
T Laverty ™™ 5 Bill "™ BF 7% 09 4 B . 1 Laverty (1)
5T rh F5 |, 55 EE 45 B T i R B AR O R R e
BZ B R AR, =R AR R 5 IRE LT
11 Bill FH — 4 $h 4% S [n) @81 15 4k i 7 5 0] B8 R 5 7™ Uk
2 2Z 18] L S () K R 2 I B DR AR R A
R HENT TR ) 0 R A T B A GO O R L 2R
W8 0 B 10 B R T B R R E L B R A
MK,

AL AR U 2 5 A A B A AR —
A7 AR AR R 0T o R b i g A AR Ak
WARA & L, Mk, Sutter 2% T T[] 2k 5
(10—107 mes™ ") AR ABREE (M 0. 05—0. 5 mm)
FIUATE JT 242 (ML 0. 001—0. 03 mm) F £k J1 it J
S5 Z0HEAER YA EAE R 1 (V) R fnik
] EEAE 1 6 00 ) BB B B R AR B RN T HL b 2
T2 ) 358 Jin i 3 0, 3 00 2% R Y B B B A AT A
C. Marion 2 ™3 i T — Fb i 75 1 8 7] 3% 500 mes ™!
F O G A 3 (DLIE 15) 8 AISI-SR 8 Ik J2 mt
WRAE— A2 TS py 84k b 38 o <R O Xk 4
2s, 5 ) R 4738 B[R X ALSI-3R 2K )8 IR
JZ 1 42MoCrd 78 A [A] 42 3 B (60—270 me-s ') Fil iff
255 (0. 13—0. 35 mm) T WA BAEFH J1 8847 T #F 5%
JE & B, 7 ¥ 40 B AR O Bl AR B4R B B RRE AR
FERAEL M I, i FHELRM W HE R RZES
M 2 AN A8 B — W, DRI TG 325 % A0 B A F ot
T EE AR HEFR

(b)

AE, AL B )™ 2 iz 7 48 KU AR R L e
PRI BO A . ALSE AT AR E IR R AL TR



E IR A 50 AT RGO S A R BE AN BT 5 2k S

977

20 v 5 AN AR A S B Al ) 0 B T AR 5 % BT
KRBT i e £ R AR IR R R [ s
M T H 2 LR A5 25 AP i 3 55 T i 25 5 8
it FLBR B AR 2 8 i iR 5 R B0k 2 K
Hepl g™ . W T YA R SRR R £ | B
JUR 2 0 H AR TR it R E 5E R R T 58 )
R H AT, T ALSE SR 2 0 I b RE L O
TR S R 2 B8 LB R 6l i )2 0T R
PP e plorE B2 Y AT X GHA4169 R/
NiALRE 25 )2 NIALKS 45 )2 /AISi-hBN )2 47 T
18 65 b O & B0 SR RS G 2 AL AP B TR
45 2 0 A B R, AR A A Y e ke o
NiO Fl ALO,, J& bl = Z A IR 2 R m =k 4b , ok
Shy U1 8 Ak I S ol 7 ) S W T K b A A L S Tl
JE R E R AR RS2/ 2N G, 5%
55 /T AISI-hBN 2 NiAL Y & i e 457 43931 - — 701 A
— 511 mV, i 5 45 3¢ J5 W) 43 3 2 — 1162 1 — 486
mV, J o B A ik H I AR 28R IE(H, R I AISI-
hBN i 2¢ S BH A NIALH B, 8 b= 9 S 2
RPN ALOKAL G Y . LeiB ™% % Fl A 45 89 A
A1 BAHE A FERH 5 T AL-hBN 3% 21K R K =y 8
JZ(AI-hBN 1 25 NIAUK Z) xR E R R )2
(125K )2 ) FERIEAT T bk, oF 58 % 9 7
AL-BN 7k 2R & 09 68 phad 72 b, 1 2 T 19 AL-BN
2 85 A )2 NIALZ F R Z 0] & 2B T B A B4
1, AI-BN JZAE 9 B #%  NIALJZE F 3K 7 S BA A .
T3 A0 AE LeiB ™ 55 1) 55 — T 75 b Ok B, WU 1E BR
HEEERA 4 FHE S ALhBN & 2K & (A + i
2 T2 ) #E S AR R A R kT 4o 34
R B T R R R R B A R s B B IO T
R ) A% o i S ol % R B B TTC R B 1 T ) e
L RaoE B B LG EFF) , AICOH) 3 (149 87 H 30 il
TR IR A A e AR, S 808 2 B A LN R AR
WBER b . WA i AETE A APS il 4 T AISi/hBN
AlSi/PHB ., CuAl/PHB 1] & #¢ & =ik B I 17 T
96 h Ay M ER 55 SC I, WF9E & B AISi/hBN L AISI/
PHB ¥ )22 55 15 25060 80 DVAR 11 68738 S K e, — 3%
TG T ARy, R HEBaER, 16"
Y & B 5 R4y X % B — A i CuAl/PHB
VR J2 2 TN 4 (0 AR Ol I AT (5, H 3R T G B S G
Tl r= o A B, 2% I G i A B T o R 5 6 Dl B
CuAl/PHB>AISi/hBN>AISi/PHB. i {F F* 4%
S % T AISi/hBN H1 AI/hBN 0] B #8142 0 #6417
TR 25 R0 A BE 2 R S0 A L I 0B TR )
R EE R AR AL VEAT T X BRI R B2 96 h

L F IS RS JE IR Z B 25 A iRE 57
KBS T RCE A2, £ 96 hiyh %
JEMRT AR BR RIR B IR AR LS
PR s 48 96 h )3 55 8 bl L A L AL/hBN iR
JZ, AISi/hBN ¥ J2 32 % 3R 80 0 26 1 0 5 b, i AL/
hBN R 2L R TE & S E WA S w o R=iE, Wt
[F] s & A g o, S ook B 52 B 5 B ik S AL/hBN 4
BRI A R g A b FHR A S Bk e,
RSB W R B S AL/hBN Jy 2P REAR 25 4%
5 V5 T R e B Jo R, A A5 R BB AR 8, 3 il
5% S AL/hBN [ ALSI/hBN 9 0] B 48 M e 5 %
EZN

5 FEFAREFMERISTREAFEKNIEZA

VLA AL 28 2% ] BOR AR 15 O BT, AR
RN T — R0 B 8 B8 b F 3R
HELEC A E 7 I s X A R i B A % R L
i v i) H Al A S R AT N . R b R SR AE
LB T RAE A E I, o (0 F AL A% 2% > 0000 e 2 b et
8 JFE At A 0 J M AR AL T S R T S AR IR R
AR B2 s . nTEFEE ™R 2 2 Mk
By o 4 48, LR 0 o0 A B SRR SE AN — | AR M 3 it
ALY T ik IR AT BERAESY . AR X AISI-FE g ]
VSRR 7 R 2 0 R R R AE T SR AT AR R T —
Foft 3 TR0 7 BEAE AL 5 35 (SVR) B FLBR R 5 41414
A ¥ 5] M 22 RUBE 5 i R AF J7 1, FLIR 3 45 S 1 e
FHR2H0.947 ¥ 771 2 MSE 24 0. 067 pm, 53 1ii
FAF G I 25 5 R2 R 0. 83 \MSE 4 0. 82 pm,
T 25 S AR M iR 2B, B AU ]
AN e ik (1 MSAAF $ AR 23 BIHR BT ™ 1k )2
B ML 22 1A 5 R 1 PHB M5 FLBR A i ¥ 20 1t 5
Bor5 LH, IF500E T & WA 5 R H 280k
5 LH R A M g T 5L TR S e R 2 R
Ul R B GA-MSVR ¥ 2] M 02 % b [] 10000 A5 AL
A HE Bk Y GA-SVR Fl BP it 22 o) 25 #5570 | BT 12 1
GA-MSVR A DL B 5 %50 FI0ORS B2 & 1k B AR
FESEOE B, AR 8 B A 7 U 2 2 AR 4 S P A
PG RAE A T B

B & B HOR 25 A BRTHE RS 3 TR
(& SR IE )iz B T s K sl g, B
AN D2 2 R A R OT B AR o2 ik 2 Mg, U T
— RGN R FE R o WEUR 7 I, U A N AR
TR J7 % B0 Fluent #5755 55 W Uk #4807 2 08 5 4
YR PR AR AR T XA % B H 3R T BEAT T GA R B
FEASTHL T s il 0 E BE AR b o - R AT A - T -
T2 R -HE B - MR 2 W A R T T AR



978

MRS S 20234655 17 556 5 M

it B2 TOURR IR B R S R R R X R R SR P
LN R BR AR L 0 B 52 0 KA, 5 2R R W] AR A A T
T B (HA R T IR 2 IR IR RS G o E 5k
50 e UAH G , YRR R 5 N g B R AR OG s SRR
FLBR A 5 GO oG, ELRE A Il 8 T i O J2= 1 G A v )
F14 J52 B2 2 39 O 5 BE MAORLRE B2 15 LB R B B 56, (HLid
e LR B AN R T i B R b S EOR R Sl
Wi FRARNL IR R RRE AR S AR T IRIE
EFEYERE R B TE o AT ARV RE R AL DT W, AN
ST AP = R X A 2 L A AT
J& L T Ansys BOPEEE LT AT S AR B IR R R IR A
FROGRERY X 2 e sh LAk 15 AISI- SRR R TR 2 19
FHH A R AT T REALL, O A T R R R A AR R T
J2 VB B ROR 45 )2 T8 JEE Xk 28 B8 L g 43 A R S W F 5
P BEEE A K0S I T W {E 12 IR AR SG B T SR R
A48 R AE — 7 Y LN T AR AR 4% S B ry R g, {H
e i — E B MELS , 52 MROR R BRI R 4% 2= R
AR Ak 5 R 5 )2 R R ST b A R g W R AR OG
Xt Rt 435 = 5 T BT B S T g A AR AR R K
TEE— 2L MR 5T, 2R AE A B4 3l ) 2 e
JRCR N7 -T2 /LI Gl EE ) ELAT FROT AL,
117 A 7. 55 Tl BE W B 14 Jeffeott 5 1 R G0 8l 1 4 B A
PR ADL LS I R TR A e 7 R AL IR i A il EE )

Bt # Wi i MATLAB % 14, % JH§ Runge-

Kutta 5835 3K i 8 75 8 , 73 B 8 180 0] BE 45 i8] 1) 8 g 2
AFRE PR 52 M), 235 2 e B« 5 B ™ 04 J2 T g A AR 1 i
8 5% 1 3 12 B ] DUAR G p B0 5 T T2 A il
i R R, OF BAS B RSB ) o A N AR B
BT S B T R GRS IR B ) B W
[SERl: N

Bl ] 54 BROCEOA AT iz B A 8Os Xt i
JEPEREBEAT TUI , A5 Bl A T AN s B A4 AT S0
T S0 AR HL a2, 45 R B T EE

6 4HiE

(L) B3R JEURHH DT i B Ot L2 S FE 2% ) Al
w2 AL 355 X T Uk A5 2 /Y T R BT IR R
ORI SNl /3 AN 12 D5 1 (T S R
Wi o 3 o A B LRI ORI A R R
RS, ] LU R 2 S R Rk RE AT AL

(2) W] B AR 5 ™ 0 J2 1Y BE B2 32 AL B, LA S ]
JEEREAH B B o3 5 B A A U S AR R
XF T ALIEYR JZ v 00 B B 2 S By B A, G IR
W) B EORS 3 o PR AR R B AR A SR A 1 g ek
A H AL AR e AR AR LT fE B
P AL, S8 1 4= A 3R A 2 SO DR A ML, 7 2k i 32

AR I XA A 2 AR A AR AR 2k T B 5 LA
FX MG AT I K IR IE S,
VR A0 /L o EL e A R PR AR, S
Fi PR AV AN U J2 R A [ I A A

(3) AL ] B REE IR, th T ALRY KR SO
Z AL R TR PR T 04 A = R AR T
5 Ty R T b, R B R B AR, SR S R
o H T RERL P A A R R BB TSI R R T e
Fr A, TR HOR TS B 45 v TR SR
BALER, ERES MR X—UIMS R TRE
9 P8 i 0 A3k I A T B (ELH T B AT LG B Bl
E7ak <y g8

(4) % 50 L 5 7™ TR 2 RO AT 25, 03 AN B Y
FRAUWEUR 2 B AR RE , JUH 2 TS FEPERE , H i 14
RIESLTER/IRER . RKRBEE DAL RN, S
SRGH R G55 05 HAOR  # 57 MOB I il s — T
J2 ) A — TR BE 10 58 B R 2 K8 78 A O BT 47, 30K
e R Ml 5 240 AR I DAy 08 B O JR AR B 22 3 S A £ T 4
3 ICTE RS

(5) A J B 1 2 0 5 W AR B U R e B
PERE , AT T 2™ 0 2 7T FE LB A OF 5845 28 A
i, B 32 A0 245 45 5 B2 2 A BE R BOR AE TR JZ 19 7 AR
P 5 ZR 06 2 I 2% ) HoAS g &, A R Se i Y
o it e P 5, RN TR AR R R A RS R
24 R IR0 R 2 T R Y R, T ik o8 AU
SEBR AR B AU U R S BIL B IR 3 45 X R
o AR BY R O B 6 5 TR 2 A AR A B A
HA =, S TO N A X A F [R5 7R )2 B
0 DU SN A A%, kSR TT A 3N 7 B B A T
I I S B T 0 B AT AR S 6, R L v
Gi— I B IR E A AR R HEZ A 2K

(6) FR B B0 U J= T HAE PRI T L5 9
FERE , TR 2 A S ALK B AR R TR AL T AR
S NAELAERMEZEN . BEETESRNE
FHBOR 8 2, 37 0 2 09 TAE BT oAb .
e £ R 558 v phy TR IR A, LR A sl AL HE i B R
PR B A B AT TR S R Y
5 WURJZ B SLBRBEA 2308 0 J2 7 A ™ A I ol
WA TR J2 B N 2R 7 7 AR R AR U J= R
W R RAMERL Y R A . ALSE B IR R T
AR B AR TR AUHL, Ak T e S THT A — 2, W PR PRI T
I o 2 BN R 2 FATS AR A A R T B
ORI ], AT A R B T U TR e i L JE e
IRIEAR RIS E

(7) 05 B A A T B A Ko 0 Uk )= 1k RE H#E 17 T



E IR A 50 AT RGO S A R BE AN BT 5 2k S

979

0 BASEI , A OA  hbR T RT E R R B B 4R
FAA, AR R RO BB T AT 5

S 3k

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

DORFMAN M R, DWIVEDI G, DAMBRA C, et al.
Perspective: Challenges in the aerospace marketplace
and growth opportunities for thermal spray [J]. Journal
of Thermal Spray Technology, 2022, 31(4): 672-684.
High Level Group on Aviation Research. Flightpath
2050—Europe’ s vision for aviation [N]. European
Commission, 2011-3-2.

European Commission, Directorate-General for
Mobility and  Transport, Directorate-General for
Research and Innovation. Directorate-General for

Research and Innovation Flightpath 2050: Europe’ s
vision for aviation: Maintaining global leadership and
serving society’s needs [EB/OL]. (2012-12-18)[2023-
6-30]. https://op. europa. eu/en/publication-detail/-/
publication/.
Jennifer Morri. High time for a high seas treaty [EB/
OL]. (2023-2-28) [2023-6-28]. https://www. nature.
org/en-us/what-we-do/our-insights/perspectives/high-
time-for-high-seas-treaty/.
International Air Transport Association. IATA releases
strategic roadmaps to showcase critical steps to reach net
zero by 2050 [N]. Airlines Magazine, 2023-6-4.
ROYCE R. Rolls-Royce launches pathway to power net
zero economy [EB/OL]J. (2021-6-17) [2021-6-17].
https://www. rolls-royce. com/~/media/Files/R/Rolls-
Royce/documents/investors/rolls-royce-net-zero-launch-
press-release.pdf.
ROYCE R. Pioneering the vital power needs of civil
aerospace [R]. Mooresville: Rolls-Royce Motor Cars,
2017.
AN, Sk, Wha e, A HRIR 2R A PR BF
FUHERELT]. MORMIFFE S RIHT, 2022, 16(1): 48-56.
2SO0 TR M v Y RE e S AL SCAR - BB M M.
AEmT: AU Toll R, 2003,
T GRS, PR A R S LR ASHLAR ) JE]
BRI Ok S [T]. Ui e 1l e 5 F 5, 2011,
24: 2.
EER7 N/ S e N 1 Rl /[ UL R S
R AR W I 0l S I S S o TR I
2023, 36(1): 11.
BASETT , W55 BN . L2 R S B P A 1 [] B T 5 o i
LR [T] Mz K shpl, 2014, 40:60-67.
AR, JA e, AR BT . B0 e ok B 45 0k 2 (R 0T 5 R
FHHERELT]. MORHIFTE 5 BT, 2018(3) + 149-155.
QU W W, ZHANG X X, YUAN B F,
Homologous layered InFeO4(ZnO) m: New promising

et al.

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

abradable seal coating materials [J]. Rare Metals,
2018, 37(2): 79-94.

YANG SY, GUO D, CHENG X W, et al. Corrosion
behaviour of NiCrFeAl-hBN seal coatings in oxidation
environments at a high temperature [J]. Rare Metals,
2021, 40(1): 212-218.

SCHMID R K. New high temperature abradables for
gas turbines [D]. Zurich: Swiss federal institute of
technology, swiss federal institute of technology zurich,
1997: 6.

SPORER D, WILSON S,
abradable
turbines: design integration and functionality testing
[C]. Glasgow : UK, 2010: 2309-2317.

BT, XIME, RIE, s A S LR SHLBT Bk k
AR B IR R R B S E R LT]. M R 4, 2021,
54: 129-139.

SCHMID R K, GHASRIPOOR F M D. An overview

of compressor abradables [C]. Seattle: Proceedings

FIALA P, et al

Thermally sprayed coatings in steam

from the International Thermal Spray Conference,
2000: 1087-1093.

WILSON S. Abradable thermal spray applications and
technology[ M ]. Switzerland : Sulzer Metco, 2013.
FOIS N. Investigation and characterisation of the wear
mechanisms of abradable compressor linings [D].
Sheffield :
2015.
ZHANG B X, MARSHALL M, LEWIS R.

Investigating Al-Si base abradable material removal

Department of Mechanical Engineering,

mechanism with axial movement in labyrinth seal
system[J]. Wear, 2022, 510-511(12) : 204496.
ZHANG B X, MARSHALL M.

material removal mechanism of Al-Si base abradable

Investigating

coating in labyrinth seal system[J]. Wear, 2019, 426:
239-249.

NYSSEN F, BATAILLY A. Sensitivity analysis of
rotor/stator and

interactions accounting for wear

thermal effects within low- and high-pressure
compressor stages[ J]. Coatings, 2020, 10(1):74.
LRI S e v R N IR Sh o N A
MR AL BR TR Z A TERE LT ] BERHOE S 5 R, 2009, 3
(3): 153-157.

CAO Y X, LIU W, DU L Z, et al. Preparation and
property of Al/hBN plasma sprayed abradable sealing
coating [J]. Rare Metal Materials and Engineering,
2012, 41(S2): 4.

NS, B8, XU, & 6k L2 RA
BB URZ AR R R MR 2 PERE R M DT S [T]. Bng
WA, 2011(3); 24-27.

WP E, TR ESG, XU B 2 TR JE XF AISi 4% BN



980

BRI SR 20234F%5 17 445 5

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

2 A AUk g
56-60.
kg, FHOE, , & ORFE A8 A ALSY
BN ¥y ok R HyR 2 H AP RE Ry g m [T, AW i 4 R
2012(4): 27-30.

s, ey, XA, %A A I E A
U )2 R R BRI KR B U )2 A A Rk RE A ST LT ).
PR AR, 2013(5): 21-25.

ElmE, wik, Wi, % KRS 7k CuAl/
hBN R 20 s s it ae (], 8% 501, 2022, 41
(12): 844-851.

EAE, i, W B, SF . hBN i Xt CuAl/hBN
HMWRZEIEBER AR T] R A,
2023, 52(4): 192-201.

SPE, XA, W3, 25 hBN A7 2 415 B0 7T 8 R
WEM R B R R [T]. WIS BA , 2021, 13:
58-63.

EAE BT, T, & R X 5L AT 90 5T ok
T A R R AL R AL LT, & R HE s 4, 1993
(3): 177-182.

B 22 W . o0 AR B4k 4 K B R A A A5 L AR A
HID]. Ktk Tolk k2, 2014.

BRI, T . HUAIR A 2 0 & S [ A R R 0 e ™
ZEraE[T]. "R PLER , 2020, 62: 319-320.
HEEEE, AR, AR, AR — S R ALY
BN ™2 T miiRBAR , 2013(5) : 27-30.
R, AN, XA RS BT TR R R R 7E S
A EULBAT MRS [T]. MR R S A
2013, 7: 162-166.

FRIE, WMRE, BFR, F . EEFBIE AI/BN IR
JET AR T]. iR H R, 2020, 12: 51-56.

X, T H G, R, AR R T L S 8O0 A
A 3 iR SR A B SRR A sZ e [T]. BRI B R
2019, 11: 24-30.

FOAEH, R, AR bk, ST ORI TR A /R
RERWRIZMAN S EESR ] E R TR,
2016, 29(2) : 85-90.

TANG JJ, YU F L, ZHANG H H, et al. Effect of

microstructure refining on the thermal stability and

B 52 m [T]. PO HOR L 2013(5) .

vy
LY

wear resistance of abradable AlSi-polyester coating[J].
Journal of Thermal Spray Technology, 2021, 30(6) :
1615-1623.

B, R, AT, L BORRL T A BT A
TP R R T AR RO AR A B LT BBHIR F R
2012(4): 35-43.

SRHT, TR, 2RISR AR . BB X AISI/BN H ik
JZHA GG FIPERERISZ M [C 1. B - op [ 3R T A2
£3,2014:28-31.

TR, WA, SREEE L SRR S K X AL/BN IR 2
femsEm[J]. B4s, 2015, 52: 1-3.

[46]

[47]

[48]

[49]

[60]

[61]

[62]

B, FHGE, TTEE % SR & B 454 X 2
JURIZDURGRYERR S MBS C L. 7 I v [ SR T TR
P IABETR 7023, 2017 :44-48.

T, FHE, B, 55 RS0 i A L X
HTRBHAERE W [C]. . b E R TR 2
PBEIR 423, 2021 52-58.

T, B, X W], A SR T AR IR R AT
FEHERELT]. B L%, 2012(4): 95.

KRR, &%, RN, % Wi RS HLnT S AR E ™
WIZ BRI RAEREPEAT [T, MR TR, 2016, 44
94-109.

FrEE, BRoeds, S, % ATEFEE IR Z R
JELT] Mz dliE AR, 2008,20: 92-94.

r R, R, Bk, L TR FRE VIR Z BB
R EHT]. BRSO, 2012(4) : 6-11.
Gy, dkSE e, YT, AR TR FE B R 2 L
PEREVEAT[T]. A= Izﬁfﬁk 1998(3): 3-5.

SR, mAREE, BT, L R RE AT PR
Rk B R 2 1 T ) FJIJ PELT]. R E e m T8, 2018,
31: 90-97.

S e, 2 EE . NIAL/BN AT B FE 2™ Uk J2 5 45 40
REATFELT ] FAMEIREAR , 2012(4) : 38-41.

FOIS N, WATSON M, MARSHALL M B. The
influence of material properties on the wear of
abradable materials [J]. Proceedings of the Institution
of Mechanical Engineers Part J-Journal of Engineering
Tribology, 2017, 231(2): 240-253.
WATSON M, FOIS N, Marsgall M B.
blade tip-shroud
contacts[ J]. Wear, 2015, 338-339: 268-281.
YIM Z, HEJ W, HUANG B Y, et al. Abradability

evaluation and tribological behaviour of abradable seal

Effects of
abradable

surface treatments in

coating[J]. Transactions of Nonferrous Metals Society
of China, 1998, 8(3): 459-467.

YIM Z, HE J W, HUANG B Y, et al. Friction and
wear behaviour and abradability of abradable seal
coating[J]. Wear, 1999, 231(1): 47-53.

LIUJM, YUY G, LIU T,

composition and microstructure on the abradability of

et al. The influence of
aluminum-based abradable coatings [J]. Journal of
Thermal Spray Technology, 2017, 26(6): 1095-1103.
X, A, bk, AF . UESS R AISI/hBN B ™
TR E T AR TE B s ma [T ], #OBE iR S0 R, 2014(6) -
43-49.

BT, T AL, NN . HE 4 R X AISI/PHB B
TEUR R TS FEE R R [T]. BmE iR B R, 2021, 13:
69-76.

MOKHTAR B, SOFIANE G. Blade protection and
efficiency preservation of a turbine by a sacrificial

material coating [J]. Advanced Powder Technology,



E IR A 50 AT RGO S A R BE AN BT 5 2k S

981

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

2007, 18(2): 123-133.
FOIS N, WATSON M, MARSHALL M B. The
influence of the superficial hardness on the wear of
abradable materials [J]. Proceedings of Institution of
Mechanical Engineers, Part J: Journal of Engineering
Tribology, 2015, 231(2): 13.

XUE W H, GAO S'Y, DUAN D L, et al. Material
transfer behaviour between a Ti6Al4V blade and an
aluminium hexagonal boron nitride abradable coating
during high-speed rubbing [J]. Wear, 2015, 322:
76-90.

XUAN H J, ZHANG N, HU Y Q, et al. Evaluation
of an AlSi-polyester abradable seal coating performance
using high-temperature and high-velocity abrasion tests
[J]. Proceedings of the Institution of Mechanical
Engineers Part J-Journal of Engineering Tribology,
2016, 230(7): 842-851.

GAO S, XUE W, DUAN D, et al. Tribological
behaviors of turbofan seal couples from friction heat
perspective under high-speed rubbing condition [J].
Friction, 2016, 4(2): 176-190.

XUE W H, GAO S Y, DUAN D L,

Investigation

et al.

and simulation of the shear lip
phenomenon observed in a high-speed abradable seal
for use in aero-engines [J]. Wear, 2017, 386-387:
195-203.

GAO S Y, XUE W H, DUAN D L, et al. Effect of
thermal-physical properties on the abradability of seal
coating under high-speed rubbing condition[J]. Wear,
2017. 394-395: 268-281.

LAVERTY W F. Compressor seal rub energetics
study[ R]. Connecticut: NASA, 1978.

LAVERTY W F. Rub energetics of compressor blade
tip seals[J]. Wear, 1982, 75: 1-20.

BILLL R C, SHIEMBOB L T. Friction and wear of
sintered fibermetal abradable seal materials[J]. Journal
of Lubrication technology (Transactions of the
ASME), 1977, 99(4) : 421-427.

GUY S, SYLVAIN P, G F. Dynamic analysis of the
interaction between anabradable material and a titanium
alloy[J]. Wear, 2006, 261(5-6): 7.

CUNY M, PHILIPPON S, CHEVRIER P, et al.
Experimental ~measurement of dynamic forces
generated during short-duration contacts: Application

to blade-casing interactions in aircraft engines [J].

[74]

[75]

[76]

[771]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

Experimental Mechanics, 2014, 54(2): 101-114.
RAL, E W, AR, AT VE R BTl & R
SHLE IR EBOR e KR RELT]. IRE R, 2016,
14: 37-40.

KAk, IR, 28, & IR R EE S X A/BN ]
JEAR B R B TERE R [T] o TR,
2020, 49: 78-80.

ok, SR, EARAE, SRR ZE o I K R
WITILBELT ). R E S B R, 2017, 29(6)
651-656.

A . AIST/BN B0k AR T IR R 1 i AT O o
FELD] W LB T R4, 2017,
LET B, LI M, ZHAO 7 X,
mechanism of an AIl-BN abradable
systemin chloride solution [J]. Corrosion Science,
2013, 79: 198-205.

LEI B, PENG M X, LIU L, et al. Galvanic corrosion
performance of an AI-BN abradable seal coating system
in chloride solution[J]. Coatings, 2020, 11(1): 9.
S W TEEREE T AL/RBN 7™ U 2 8 H 47 R BT 5%
(D] VEBH - E B2 B 6 Jm A 52 T, 2019.

PR, AR, MG, &R T IE AR B ROE
B 35 O U2 LB A 1 A0 P i R AL T ] R E R
T.#, 2020, 33: 145-151.

KA . AlSi-polyester $f " I )2 £L B R FI2H 434 ) 14
FRAL IR S 7 k(DL K% - R LR, 2020.
LIN L, ZHANG W, MA Z Y, et al. Porosity

estimation of abradable seal coating with an optimized

et al. Corrosion

seal coating

support vector regression model based on multi-scale
ultrasonic coefficient [J]. Ndt & E
International, 2020, 113:102272.

B — . T UL T 0 3™ U 2 AL A 53 A 1 50 1
AR E R AED ] 3% R TR, 2021,
HY—, WA, FHIYL, 5. 2T BPNN 3™ ik 2
FLBR o A B 5 M 7 R AE[T]. s 2# 4k, 2022, 43:
570-579.

HEN, BoEz, XTI, A AR TIURAGR R X R 2
FETHIE S0 S BR A L 8w A AL T ] SRR
2017, 46 57-64.

EAR, R, BB, F L BEERAERERZ M
Hoas AR IR B 343 A i A BROT A A [T]. ALARL 2= 5
A, 2017, 36: 1956-1963.

ER M REPUEINM 7 -E IR 2R RS
SEHFSEID]. R REER A, 2018,

attenuation



982 BRI SR 20234F%5 17 445 5

Progress in the Preparation and Performance Evaluation of Aluminum
Based Abradable Seal Coating

WANG Xvdong"?, WANG Yujiang',ZHANG Xuemin'?, Yang Kun®,ZHANG Xiaofeng®, LU Jing'
(1. Guangxi University of Science and Technology, School of Mechanical and Automotive Engineering, Liuzhou
545006, China; 2. Institute of New Materials, Guangdong Academy of Sciences/National Engineering Laboratory of
Modern Materials Surface Engineering Technology/Guangdong Provincial Key Laboratory of Modern Surface
Engineering Technology, Guangzhou 510650, China)

Abstract: The development of aerospace technology has brought about increasingly high engine efficiency requirements.
Reducing the gap between the turbine blade tip and the magazine has a great impact on engine efficiency. Spraying an
abradable seal coatings between the blade tip and the engine turbine magazine can both seal the gas path and improve engine
efficiency; reducing wear and tear can also protect the blades. Abrasion resistance is the most important and essential
characteristic for wearable sealing coatings. This paper reviews the research status of powder preparation, spraying and
wearability evaluation of aluminum-based sealant coatings at home and abroad, and analyses the effects of powder form and
spraying parameters on the composition of the coating; as well as the effects of the Rockwell hardness of the coating surface,
the feed rate/single-pass feed of the blade tip and the friction line speed on the abradability of the coatings; the corrosion
mechanism of aluminum-based sealing coatings in marine environments; it also introduces the role of machine learning and
simulation technology in the prediction and characterization of the performance of abradable coatings. The role of machine
learning and simulation in the prediction and characterization of wearable coatings is also presented. The research progress of
aluminum-based abradable sealing coatings in recent years is summarized, and future research directions are given.

Keywords:powders; coatings ; abradability ; corrosion resistance performance ; simulation techniques
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