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Experimental Research on Micro-Pit Array by Jet Electrochemical Machining on GH4169
Nickel-Based Superalloy
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[ABSTRACT] The surface micro-pit array plays a huge role in mechanical sealing, friction and wear, surface lubrication,
heat transfer and heat dissipation. To be able to jet electrochemical machining micro-pit array on GH4169 nickel-based
superalloy, the polarization curves of the alloy in different electrolytes were tested and the electrolyte was optimized. Then,
the influence of processing voltage and jet velocity on the micro-pits by jet electrochemical machining was explored,
and the micro-pit array was processed by optimizing the process parameters. Finally, using mass fraction 10% NaNO; as
the electrolyte, processing voltage of 25 V, and jet velocity of 10 m/s, the micro-pit array with high precision and good
consistency is fabricated. The aspect ratio is 0.376 and the standard deviation of the aspect ratio is 0.004372 for the micro-
pit array.

Keywords: Jet electrochemical machining; Micro-pit array; GH4169 nickel-based superalloy; Aspect ratio; Electrolyte
DOI: 10.16080/j.issn1671-833x.2024.18.054

I GTRES )2 B T RS AL AR ECEREA GH4169 B3 oy il & <6 B A e B 58 10 5 1) e
BB R, BAT NS BN PR RPTRIOR L | R I A TR B AR I A S O T
J1 KSR BOASE TR, TR IR R N DR, FITUAS UR R AR IR AL T A5 4 B0 SR,
BB APRIR TN TGS — B SRR GHA4169 DIt 5 1) i A | iy i 38 J3E 10 o oM M T

* BEW A P IRRHE AR AA TR (214200510018 ) 5 H FE A ERRAEL 4 (2020M682289 ) 5 1l Re 44 TS i & S %:301 ( 222102220001 ) 5
VAT R A8 T A T SRR R ( 21A460016 ) 5 Y] B FE T 45445 ( B2020-30 ),

54 WisshEEEA - 202445 678 55181



Non-Traditional Processing HWMI

Bl —  RAMES T EIN T, A7 e ) BV R FH T+
T Z2 AN, 2 vl ok T 1B kAR P

SR LA N TR F 4 SR W VR S T LB, ff
PRI N 4 R W U8 PR B SR AR TR, A e k2
PH R 5 ik e B ST ER T 44 2 0 AR 2 PR AR %,
FH T 5 0 FEL A N T AN A A ] L S 4 TR 2% 1 B el 4 ) AT
ToI 2 A AL B BRI, X GH4169 Z8XE N T4+
RHIN T ARG 5 AR P

Zeid ZAF R R S FL AR I T ST RS T Sk
JE& . Ming %5 U3 B 7 R = v X St F A T A
e —2E AT T AR S I SR T R R,
BV N R VACI T SUE &3t U L N E Y 1]
S A R AN 45 R Ao 5 U DI TB6 Sk A4
SiC UKL G SR AR S 52 6 AR R X G T 8 T S i i i
TIRIGTST , 3 A 3% F AR D T R SE S8, il £
K LA B S M . BRLLIE 4 U S g Ak S v
JIn T GHA169 fitAskFLa F2 ol T HL R WS 0 & Tl 3 4
T80, AR T 0 TG BE AR 5K . Wang
A8 U7V s TR S SR 5 A o i 37 e
TN TG 2B Bl A i, e BR 24 s B 3 5 g 5 U
FrIa ek 00 B, Br gk GH4169 A8 2550 o244 106 i
Mitchell-Smith 25 U1 $8 Y 7 W5 I 5 3 mT 345 A1) 9 97
FLRF N T 120, R30S H A S 7 T 5 8k 45 7 1) S 4
FAIT, GHA169 Foiohl 1% 4 RS B2 (8 mT BH S RAIK . SR,
FE GH4169 B I LS 3 H A i T4 AR il £ St B4 571
FAEAT 1R

AR SCHI FH S LA T8 R AE GH4169 873 = iR
H4 LNk g5 . kA 4 EAS R A R
AR I 2, D S I AR N T & R L RR L, AR
FE T BRI S H N TR T8 S50 s LA
FERIE TZESECT I T TSI 254

1 KBR5FZ
1.1 R

I FE N GHA169 B 3L H iR A & T4, %
E2ER IR 1 R, TARRSE R 20 mm x 20 mm x 2
mm., RGO T AR TR TS R Kk
1.2 REHTEH
12,1 AL

T GH4169 J&H Z Rt B A MM E 4464 A
[ T P E AR 2 R P R A TR] A 0 B3 e
PSR I B 4 TE AN RIS TR P BT et e
LA, BRI S BN 3% 2 R i saAk 2 T AR
CHI604E ( CH Instruments ) #EF5H% Ak £, R H =
HL PR 2R S0 R ( CE ), MR H R g2 e,

% (RE ), GH4169 T4 TAEHMK (WE ).
122 SHay i T H

R ER ) IR e = I WS N - o
iz A i R G5 R AR R A e R R IR 2 ke A
o I T HLYE R AT 4 AR B FL R 1T6122 (ITECH ), AT
i N T 0~30 V., GH4169 T4 322 hn T i I
TEAR DB R T AR . S5 ke & an & 2 s, &%
M 3 ok e L[ 1S LR T O, 3RS TR IR
TRARTENE R T 2N . & Jmmins (T 2B ) # 5k
304 ANEEA, FLNAR N 230 um, SMEN 450 um.,

GH4169 J& fr B 5 (8 - TRk, 2147 5 3t HL i o
TR, A RPN Y W P EOCE R IR TR
PR A RS T Tk 22 B, DR i T 3
B SR AR T v S R i R R R AR
FRITERL A = B B B o R O B s 3 - B A5
MR PR 28 o AR SCHR T T AN RN T B H R B 8 P8 X At bt

F1 GH4169 BEBRASHLERS (REHH)

Table 1 Chemical composition of GH4169 nickel-based superalloy
(mass fraction) %

@ Si Mn S P Ni Cr Al
0.038 | 0.16 0.12 | 0.0010 | 0.010 | 52.75 | 17.96 | 0.55

Cu Co Ti Mo Nb B Ta Fe

il

0.022 | 0.018 | 1.09 3.05 5.13 ]0.0020 | 0.010 | %
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Table 2 Electrolyte selection for polarization curve test

FHL AR TR % T/ °C
H,SO, ¥ 10 20
NaCl %k 10 20
NaNO, I## 10 20
NaOH A7 10 20
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Fig.1 Schematic diagram of the experimental setup of jet

electrochemical machining
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Fig.2 Physical drawing of the jet drainage device
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Table 3 Experimental parameters of micro-pits in jet electrochemical

machining
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Fig.3 Polarization curves of GH4169 nickel-based superalloy in
different electrolytes
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Table 4 Electrochemical parameters of GH4169 nickel-based
superalloy in different electrolytes

BRI | ik | IR | BRIXAAL

FLAFR

i/ (pAlem®) | E/mV | H{; EymV | JEFIAE,/mV
H,SO, ik 519.8 —137 1018 1155
NaOH % 4101 238 441 203
NaNO; ¥ 41.3 298 1161 1459
NaCl ¥ 41.93 281 1051 1332
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Fig.4 Depth, diameter, and aspect ratio of micro-pits under different

processing voltages
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Fig.6 3D morphology and contour of micro-pits
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