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Fig1 Schematic diagram of EDM
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S JELJIE 1) R K AR SR AR | REAT 54 v LR B, Sk
R PTK DR RE  DUSE L R R 2 5 E
S R A 5 RITERL AR A AR IR 5 T, K AR R A 2 3 TR
REM A EZ S
1.1 SHEANE

T R BRSO AR . B
Hh A i 5 FL A AR B — 2 1T DL B B
A HL ) TR, RHZORL it in L 3 i 3R T
I TEHL I 1 4408 B % Ay o 1) A% 08 3, AT 1
MLt SCHR[21-22 0P8 %W ZEIR B UE T (R
W TR A ) TAEA BT, % TC4 8k & 4 #E 47
F, KA 3 T 98 T T DA A 38 300 B S, b Tl
(H 5 REALZ o CR™ ALK BAC 20 4
T LAAE by TR A oK 3 2o TR v X kAR
1k #% A (powder-mixed near-dry electric discharge
machining, PMND-EDM) % £k £ 4 % 1 #1738 1k
TE R RO R T AL 2, LA 2 1 T o
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Table 1 Characteristics of PMND-EDM coatings on titanium alloy surface

REEMS Rk HLBR B A IR SRR AR L Sk
TC4 B4C #+C A1 L — Ti TiC .TiB [23]
TC4 ALH} PEE- 1IN 251300 HV — [24]
TC4 B4C B +A LK} PEE--LiiR — Ti . TiC . TiB . Ti-Alft 54 [25]
TC4 B4C#} AR 1039 HV Ti.TiC.TiB.B,C . ALBC .Ti-Alfb 54 [26]
TC4 B4CH} AR A 211500 HY — [27]

Ti-6A1-4V B4C #} PEE- -LiR 936~1 066.8 HV Ti . TiC.TiB [28]

1.2 B

Cu S FL A 4 PR G w8 3 v e A A T )
2 VE R AR XGRS R B AE R 2R
PE Cu HL AR IS5 A0 K o IR X TC4 K& & E T
KAESRACET  FE A ) TR 52 i 0% JT
RIS AN & A RN, AR BT I 5 AL P i,
IFVTRRIEER A & R Y S Bk )2 |, 3% if b
JE 5 AR FL R R T 237%~399%. #EALE B
B G A 5 0 M R AR S P e ) . A Y
FEH, XF Cu HE AR A7 504 3L 1 B8 A b o 58 P oK
TEiRALZ IS, S T, RAHUL 362 %

B T A A 3 A RIS R A B R — R e A R R X
Ti-6A1-4V FTAFEAT HL KGN T/ A8 A0 2 ek, &
BRIV ik Ak B8 A A 4 A FRL ARG, R T SR AR 2 Y
FEOCIE B, BN T TiC TTTE , B TR L2
IR B TR AR e R MR . LIAE e EA
1R S SiCAE A AR T, E TR R A
Cu-SiC HL# T Ti-6A1-4V Ay K 48584k . 5 Cu
FL AR A FE , Cu-SiC HL AR R T 1Y R S8R 0, 7]
VIIRAG i e ¥ A AL 2, an il 2 o o [, C
HSioCHR LR b i B A8 3 TR BT
TiC A1 TiSi, FFTAR , 4 5 1 5 Ak )23 1 Sl Flcheli
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(a) Cu-SiC HLH%

(b) CuHLHk

B2 & KLk E & E SEM B
Fig2 SEM of EDMed surfaces™
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7 f
TEAIR l%
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Fig3 Schematic diagram of Thermal Spray
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AE 1 0 TR B i 20 T IR JZ R B . GUIBA %5 F
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JRI BRI

(¢) WilJE HVAF VR Z#E  (d) shil)E HVOF Ui 2 #im

El4 ¥ 4kAT/s HVAF A HVOF i & A & §9 SEM B
Fig 4 SEM images of cross-sections of HVAF and HVOF

coatings before and after erosion*’
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Fig 5 Microhardness of Ti-6A1-4V,HVAF and
HVOF coatings™!
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Ee #otmirEFERY
Fig 6 Schematic diagram of LC"*
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Fig 7 Microstructure of coating in top, middle, bottom region and macroscopic morphology of WDE area
K2 RALSEWII B R AT

Table2 Characteristics of LC coatings on titanium and its alloys

[52]

PN EmpAR Bt U JZ A T URJZ Y TRAR SCHk
TC4 Nb+Ti+Si # P i co, Bk 960~1 000 HV ~ (Nb,Ti)_.Nb,Si.TiSi, [50]
TC4 NiCrTiC #} PRI CO, e 251000 HV TiC .Cr,C, \NiTi, [51]

Ti-6A1-4V WCH IPG RSOOSR 5~7.7 GPa TiC WC. W [52]
TC4 Ce0,+Ni60A #} LDF 10000-60 & JCREHOCHY 1105 HV,, TiB, . TiC \NiTi, [53]

Ti-6A1-4V  TiC ¥ TiC+NiCrBSi ¥ 9kW-CO, OGRS #92 100 HV TiC [54]
TA2 NiCrBSi+HfB, ¥} B )3 52 CO, oL 251100 HV TiC \TiB, [55]
Ti Ti+CNT b3 HELEN-YAG #OLTE 1125 HV, TiC [56]
TC2 Ti+TiB,+TiC ¥ IPG-YLS-5000W JE£T Ot 7 1100 HV TiC.TiB, [57]

Ti-6A1-4V  FA+Zr0,+(C,H,0) ¥ S NA-YAG Bty 1300 HV,, 7r0,.CaF, [58]
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Fig 8 Hardness variation with depth into the clad™”
A7 X0 S S R B0, TiC W A il
OB B (3R B 5 5~7.7 GPa 2 W] ;1R 2 5 3Lk A2 3t
{14 5 B8 DX Fh T W 3 A 184 hm e R B 3 4.5
GPa £ A7 5 G X rp (1) BE AR 235 | SF- Y 0 135 Ky
3.8 GPa, B 5 T A 52 52 ) IX 4 ~F- 24 B B 3.4 GPa.
TR 2 N B A AR PR S S AT P 27 4
HrEE . EAUK G sk g0 B A )2

BT Mt P R 5 Ti-6A1-4V R Y I 251858
VIO 8 R A B w3 AR 2R RO K Dl e ) 1Y
] B, fiE S5 KRR B PR 5 64 R A B B AL A i AS
A A JE LCWR )2 2 FE b i A R R R 4 X
PRI 2 2 T 00T AR AL, R 4 v = AR
WE9 R, L, st i 2 N RE AN, 324l
i AT 9 S AL R B PR AR A 4
I 5 SO AR A FRIR A ST 1 [

O koo Or il b A @ 2 4

Fig.9 Cross-sectional structure of titanium alloy
[54,58]

LC coating
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HAE PR RN A 4 TR 53K EZ P
YEBE B B — %2 JE L A0 B & 4 J2 1) 2 T oo oAb B
O JRERANE 10 TR

Monitoring molten pool
thermal history

ox

Melt poo] Pz IR Pyrometer
l/

Alloyed layer .
Substrate Data acquisition and
analysis system

E10 #rkd@meeipEsElge
Fig 10 Schematic diagram of LSA™"
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U2 B R LR (4 IR T, Siy/B-Ti 3
At L 2 A R 0T3S 14 v v 0 3k e G 4 R i 2
1k, 5% B A 15 7 300 MPa, [t TC4 M RHEE T 90%

(a) TP

(b) JEEHS

PLEo 5380, %25 TCA BEM 455 Ab i H 2 UM B
LB R AR G4 a AR R AR T
P TR R B A7 4

() TEX

B 11 % E 442 SEM 5 5714

Fig 11 SEM morphologies of the laser alloy zone
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[64]

FH S o R 0y % 22 X o, Ot %8, LISIECKI
SO % 225K CO, IO AE Ti-6A1-4V £k & 4
T THOCEL B TR A/ARIREY P A
Fr X R ALERIE A R R . RO R R 2R S A
WOL A SR &R Z B BRI
WE 12 iR

B 13 ARV i A2 e 5, e 4l
AT A S RMIIE T HA & RO MR
O 3RZ AR IN A 22 (T 35 RO B2 & A=

1400
Sample no.
1200 -\ P4
= \ P53
= \
T 1000 fy -8 P6
SR Y
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= 400
200 1 1 1 1 1 1 J
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= 08r
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g L S
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=028 |8 S|ls = 2
= 5 = 3 3 S
0.0 !
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(d) BERE

B 12 RE RS ET R BERERGERES

Fig 12 Microhardness distribution and penetration depth on a cross section after HPDL laser alloying of

Ti-6Al1-4V in gas mixture of argon-nitrogen atmosphere

[69]
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(¢) 50%N,/50%Ar

(a) 100%Ar (b) 25%N,/75%Ar

S

e

(d) 75%N,/25%Ar

T

(e) 100%N,

B 13 ok Rk B & SEM B

Fig 13 SEM of laser nitriding coating section
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52400 HV., GERDESZE7WF5% T #06E A et &
Ti-6A1-4V & S PUKMPERTRE ST . AFEAR T8 1Y ik BE
T BN T IZ W R A o-Ti P, A2 B TIN A Ti SE R
HOE BURE 20 400 pm I AfL)Z . FEAEMZE T Y
50~100 pm 4 HB 5347 A2 FAGE i X, 3225 B [G AR
gER . 5 RZ AL Ti-6A1-4V FH L, BOGE 2k
2 f R B2 A 370~400 2 = 3] 650~800 kgf/mm?, Jf:
E R ThUR MM . SRk 72-73 ] 43 BRI i
S CO, WOt ek & & Fm bl 4 THRRER M
TiN/Ti, AL FI TiN/ALRE J5i &2 A 0% 2, ALJG & AU N
WD T OGS Fad R B RO LI R e
T2 ERA 40 i R i K P R A R JE R
PR T RO

WOt A A Ak T LU AT A 257 ) LA
AR R B SHEA RIFMa &4 & BasEn
AL A MR AT T R R IR MR R Rt
KR Z AT 22— o AR MO AS | R 4 AR
5B 1 ER A K e T i s B AR 1% T2 B
THT I P ) A7 SR 3 2 ] 50 B A5 2 i o, SOk
T A e Tolk FBUS E AR .

5 EMITE
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Research status of anti-water erosion coatings for the final stage titanium
blade in steam turbines

LI Cong, NIE Bingyue, REN Yanjie, CHEN Wei, ZHOU Libo, LI Wei, CHEN Jian
(School of Energy and Power Engineering, Changsha University of Science and Technology, Changsha 410114, China)

Abstract: Water erosion damage (WED) is one of the main problems that cause damage to the last stage
titanium alloy blade of steam turbine. It is extremely easy to cause the proportion of failure accidents of
low-pressure rotors by WED. The preparation of water erosion resistant coating on the surface of turbine titanium
alloy last stage blade is an effective measure to improve its anti-erosion ability and ensure the safe and reliable
operation of the unit. In this paper, the preparation processes of the commonly used anti-erosion coatings on the
surface of titanium alloy blades are introduced, which expounds the research status of the technologies such as
electric spark strengthening, thermal spraying, laser cladding and laser surface alloying. The summary and
prospect of these technologies are presented, so as to provide some references for the preparation of anti-erosion
coatings with high hardness, good wear resistance and firm bonding on the surface of titanium alloy last-stage
blades of steam turbines.

Key words: titanium alloy blade; water erosion resistant coating; electrical discharge machining; thermal

spraying; laser cladding; laser surface alloying
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