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Electrochemical machining of rocket engine turbopump shaft
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Abstract: A liquid rocket engine turbopump shaft cavity adopts stepped deep hole structure, the di-
ameter of deep hole with length of 424 mm was needed to be enlarged from ¢$71.8 mm to $89 mm. Using
conventional machining, there are problems such as easy to shake the tool, poor heat dissipation condi-
tions, processing extremely difficult, high cost etc. A workpiece rotation, the cathode adjustable type
servo feed electrochemical machining methods was proposed to solve deep hole reaming problem with
large depth to diameter ratio, with the aid of flow field simulation technology. Which was completed with-
in the edge of the tool cathode blade optimization design, long blade cathode electrolyte nozzle structural
design and optimization, transition arc cathode contour design and optimization, the adaptability of re-

structuring and finished the processing device. Electrolytic reaming technology of electrolytic machining
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parameters optimization was present in the electrolyte concentration of 20 % ( sodium nitrate solution) , e-

lectrolyte temperature 29-33 °C, electrolyte inlet pressure 0.3 MPa, voltage 20 V, cathode feeding speed

0.02 mm/min, motor speed 8 r/min processing conditions, with the ultrasonic thickness measuring in-

strument in the machine to detect the remaining wall thickness. The cathode was dynamically adjusted to

produce a shaft deep hole structure with roundness and coaxiality better than ¢0. 02 mm and diameter ac-

curacy better than 0.2 mm.

Keywords : hole enlargement; electrochemical machining; cathode design; electrolyte flow rate; pa-

rameter optimization
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Fig.1 Schematic diagram of shaft

electrochemical machining

TEBUAT (9 F AR 0 TALER -, %y o e 800 T
LA B TS T T Z 2B T E
(WP 2) 58 i T HLARRE s i ki o i T3 B Sy
WP 3 FrzR o HLIR B BGE AT 20 A ikl 32 24
FELLR LA

1)l s TAFBERE ALk i . 76 B e 5 0L
LIRS T — B IR AL 8 TAFhER

2) ek A A G . O 1T R R A fL
TR, W8 T SRR, BT Ve S
HORTE T é

LV T TS 52 18/ P T, i 1% s L
IR SIS e 1y ) PEREITRL GRS
PN LR T L TAZRE LLRH.
//‘///‘A'“ i
L8
BRECTR R S SELE
\EEWHLEE UK t,"\':]\ [ 1 44 1 B 2
‘ T B 5|
w B /.{.‘:’[ / L S 2

\ 7
l I
| Ml 'g
|

(

%—
| Ejaaamrp D -@

» Tl(\

SCHER

B2 mIzEE

Fig.2 Processing equipment
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Fig.3 Physical processing device

2 GRS

2.1 PAREEIELIT

BT PR A FL A A8, B AR 38 112 S0 IR F i 4
TN TR SRR BE AL, 70 4l i) H g B T T2
Thrb Bl DL — o e SR X ST T A, AR T A2 0] 38 By 51
PR AR B 2 55, DRI 0 B AR B4 o T 0 VR 4 N R AL
2 13 O 2 /S A ST = T o T e 9
Tl 75 6T A SR B 2R 45 46 G Ak %, IFam ad 1 B
ARF-BOG B4R 71 11 2544 o 8 13 90 45 48 1 47 f 4k
TR J2 T BT 2K 1) B A e i, 1k i B Al
Kl 4 FioR , B SRR R 4 g i T 7140, Ko & @ B
K A 2 AR AL I A AR R 2T [ .

(a) BB = 4iA5 5

35 e
25+ //TTJ\TL\
15F / il \\
g 5 -/ / \\ \
S 4-\( ' ))
N \\ /
BN /4//
-35 1 | ! )

" |

(b) FAM S

B4 BAREHMREYHET
Fig. 4 Electrode structure and physical details
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Fig.5 Electrode edge structure simulation diagram of electrolyte flow rate
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Fig. 6 Flow field simulation of electrode nozzle structure
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Fig.7 Dynamic simulation of transition arc forming process
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