Journal of Mechanical Strength

% &

2025, 47(7):65-72

BRCKFES M &S T 17-4PH M B XA BT s i e i 52

E.EB yﬁ 1,2,3 7ng_||3 EEEI

FRERE eEMm

EZ Ve

(1. KEHAHFE KRS £4m5 8 T42F%, K& 030024)
[2. TREMEEBELS BT ELEEZRE(RFRXSE), LiF 200092]
(3. W Zdk i AR FT AR R A PR ), AR 412007)

EE: 17-4PH(0Cr17NidCudNb) T [CAR R G5B VR hy aak it 30 140 0 — B i AT BL , 5 32 207 3 (7R IR o A 28 147
SUPRSE R SRR D BB T R G RS R B SR T 5 M T 17-4PH I R AR89 it e e R A Akl L AR, 25 8 75 e g dnh
Y-, R R E A 2RI B, 15 B Logistic LA B 5, A3 80 44 ORI 280, 45 R A E) BE W ARl
Wi LTE ESOR DR 74 2 18 TR A, Xy Pl A AR A 1 o FH 5 B b 35 10 TR B 9 S5 4 T LA S8, T st — 2Dl bt
AR 7 5 F Y8R L=700 pm FGEFE SR W=400 pm () MRS REFI RO M, 223 200300 50 h e, AR BB (22, 79 b)), B 43
Jmfe/N(10. 92 mg) , TR BLH AP R RE AR 5T 0] o8 TR SE PR 7 s AR 125

KGR : MESIMIRE; KEIL; Logistic Jrfe; HLILHMERE
TK263.3; TVI31.3'2  DOI: 10. 16579/j. issn. 1001. 9669. 2025. 07. 008

HESES:

0 55§

T — i WL AE WA 3N 0 58 v (8 b R £
T2 H LT AR R R G M & sh LG & 4%
— AR T FERX B s AT A R, R AR
b2 B K, LAk Y AR A X0 ] R
R I A by BG40 AR T RN
IR, 5 T A W s R B B, R E R TAE
R T B B R I R 1 R SR R A
FFf o PRI, Q0] B 9 YAk o6 SRR (R B IR B R B R
Tt I S AR T R A A R ) R

[ AN L2245 6 IR T AR A B N e R Bt an
Al 4 S BT v Re Oy I iE AT T R RS . FAEE 1955
AF KNAPP V2 i i A S8 i R AS B R R IR R A
BHRARAT O, BEXT A BHFE YRR BE T 1 R AT 4
Mo BXFH 2 B ARG AE BT P b B 1 B AR, JF
B RTTRC SR A . BTt A e
WO AR AR B 1 B R 2 T B R AR Ak B B e b
RIEPREREE T AT APE . DA S 5@ X & 4450
9 34CrAiNi7 AT R B A AL, G587 H U
it WANG %R IOGIE  HORTE 17-4PH 2 1

Wk H4T: 2023-12-21 B HY). 2024-01-17

AR AN S5 4, DAGE ooy tEfg . DISE " 7EBT
K R R B, ET AR AR S P Y Co AT
B B (1))@ PERERE ISR LK M RE . BRIL 2 40, BF 5%
F T U6 0 T A [R)A  F0 A03 w os B0 05 25 S it DR %
X PR B S R LA . THOMAS 2505 358 - Jiig 4% ot
S 2 A e LA S AR Pk B B v S T 1) T 0
b, R F T W0 W T AR B AR K R A 4R
R G R R

T AR R B 9 T AR S A0 S5O0 2 B, Bt vp sk
P BE X R e} 2 1A 45 Fa) R D00 R R Al R ORI A
EURESE T S S A A T R e R T
R JE X K il RR P A S R TR KIROLS % 58 1
129%Cr Th FCAREN FT TIOAL4V A B3 BB F5 %o K b e
FIE A4 52 ), A5 1) A Rk 2 1T A REURE J32 RAS R D) 2 2 5 i)
MARDK I ERE R EZR R . IS 5E T RS
P2 PlURE M 8 s ), R OGN T8 R 7E T4V £k
B A AT 43 AN T H B2k A A 0B, A5 A% SO
()R P2 Phae ok T H LR ar i i . B A >
GRUR I, = TG ISR R TR G U Y % 2 il AT
AR e B D, LA TS 110 s 8 v 410 ) < 3 A Wi
AR AN KCRE o, PR AT AR S A ey A . X

FEEIH . FR A RBEIE S FAER AL S H (52205212) 5 1754 JERIITFSE TR AE R4 FFE 0 H (20210302124052) 5 [A] 9 K 2g LRSS M b
BT A5 4 ) 0 B T S B 3 T 42 00 (2021 KF-3) 5 KRR RHE R AFRFSE A i 813970 H (SY2022035)
VEZ T W/, &, 1988 4R A4 1P KRN, T, B2 , 0 78 A S0 32 SRR 5 J 1) O 1 S0 s b e A 5 AL S 2 okl vk 3k T LGS

{FPERE S A R A5 A 045 ;- E-mail : juandi@tyust.edu.cn,

B 1997 AR ILE B R LR AR s RS 5 1 S VAL S B E-mail : hxk2135@163.com.
SURKE . TBAR, B, BRI, 5 . A RORMES MRS ZSF N 17-4PH it SRR R I AR PSR DE T [T ], MUBER AL, 2025,47(7) :65-72.
DI Juan, HE Lei, WANG Chengbo, et al. Test study on cavitation resistance performance of 17-4PH blade steel material under hunderd-micron array

grooves structure[ J|. Journal of Mechanical Strength,2025,47(7) :65-72.



66 Bl

i 53 2025 4F

BB 5 0 R 2 TR ARV i T2 T AR AL T B SR
SR, U1 B4 370 L ART 2 4500 an ey 5% i A4 3 ot v £ 3
FF RN ot 2 2 AR T i — IR AT ST

17-4PH 40 J& — i DL Y B FC AR DT 3 i 6 AN 55
2 E ZARE RSS2 0Cr1 7Ni4CudNb, i T HA 5
o &G S P B RO L A TR o A A 2 I
BTz TV EUK SRR T B il . R, AR
WFFEHET 17-4PH AN AL , 2 LRI T A oK 9
SR B 270 T 45 460 A5 B 8 7 30t sk WL R JF v ol ik
Lo Sa PNV e RN PSS INGE S Sop )
RS Tk B B ) 15 45 P 114 5 R ML o 5 % 1 3 v g 41 11T
R A 235 ) 114 S L ART 23 85045 90 ol o o 2 22 1) 11 o
FEXT R 56 2, R TR N B 1 kAL 1) B 7 sk o e ) T
o7 AR S At 500 = P

1 R

K H B A5 I R ph HLRE 17-4PH K1 RHA 4 R 56 T
{0 T R YR b i 5, g B — B B[] o A R AT 0 Uk
FREE
1.1 REWigHE

PRI A AL I VL IR IR A A
PR VEHLFORG 25 7 o VRS2 B ASTM G 32—
2016 bR HEFFJ o 00 SR FH A AE I 4 28 7 U5 YRl
B, Hon B A& S il an il 1 8 2 s, 2
A F55 46 B A5 RS P U AR A% o 40 R ARKE R B L 4 AR
eshhAg , I 2 A8 WA IR 2 , ZE WA rh ™= A= <
AR I i 1A R T AR PR |

Heiieds
Energy transducer

/
/
2.5 kW
O O O
\ I
EEM Ultrasonic horn
Power supply

AR T H Sk
[ Head of the
ultrasonic horn

Cooling water

E1 BERARMITEE

Fig. 1 Schematic diagram of the ultrasonic cavitation machine
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Fig.2 Test system of the ultrasonic cavitation
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Fig. 5 Cumulative mass loss-time curves of four working conditions
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Tab. 1 Statistics of cavitation stage under four working conditions
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Test study on cavitation resistance performance of 17-4PH blade steel material

under hunderd-micron array grooves structure

DI Juan'*? HE Lei'’ WANG Chengbo' FAN Zhihang' PENG Chaoyi’
(1. College of Vehicle and Traffic Engineering, Taiyuan University of Science and Technology, Taiyuan 030024, China)
[2. Key Laboratory of Performance Evolution and Control for Engineering Structures (Tongji University) of Ministry of Education,
Shanghai 200092, China |
(3. CRRC Zhuzhou Times New Material Technology Co., Ltd., Zhuzhou 412007, China)

Abstract: As a common material for flow components, 17-4PH(0Cr17Ni4Cu4Nb) martensitic stainless steel is vulnerable
to serious cavitation damage. Based on the corrosion inhibition effect of array texture structure, this study focused on the
cavitation characteristics and inhibition mechanism of 17-4PH material under the surface structure of hundred-micron groove
array. Based on the ultrasonic cavitation test platform, the experimental data were obtained by the weight loss method, and the
data points were fitted by Logistic equation to obtain the nominal incubation period and other parameters. The results show
that the surface groove target with groove spacing Wand groove width L in the range of hundred-micron has a good inhibitory
effect on cavitation damage. The geometric parameters of the groove array structure with the appropriate ratio can further
reduce the cavitation damage of the material. The groove array target with groove width L=700 pm and groove spacing W=
400 pm has the longest incubation period (22.79 h) and the smallest cumulative mass loss (10. 92 mg) after continuous
cavitation for 50 h, thereby exhibiting the best cavitation resistance. This study can provide reference for practical engineering
applications in preventing cavitation erosion.

Key words: Array groove; Weight loss method; Logistic equation; Cavitation resistance performance
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