L 2% Bl 1R

Aeronautical Science & Technology

W5 B P 17-4PH BRI IR
RN B T L e wF 58

XUSEBE XA 2, Al A 2, sk 2 Al !

LA TERSE, BEVE Ph4e 710072

29078 TlkvaZe &A7 H shfsblrseir, Bvd vide 710076

W OEREREFEAERERAMEGRETH, AR EE LM EA G RE EENEEER. EHRANGRERHE, )
RENLRGEEMIEVHEEZNFER, AANHAREEEFENH I A RS EHEHERFT T, KX EEHR K 17-4PH
FHRERA B EHR A E LG T BEEN A REXN WM T ERNE . Bt XA %, WET R RS
BB AL TR T2 T B9 H 1 A0 B W AR SRR L AT, T T B AR BL A A AR RO R R An AL 3B T A R AR B
HIH R, ER TR MAARE L L EEELA M T ERN T, G2 T REOHRRAFRRLE L L AGES

Dec. 25 2024 Vol. 35 No.12 87-95

B THEZMEARET 5F,

KA EARN A BRE; RHEH; 17-4PHTH W XS AT 4

FES %S TH142.2 XERRIREG A

YRS R SR A Ry R 2R 5 v VR G R ) S B
R R 1A SR AR IR L B B0 i A5 5 A
OB 5 R EEAE . SRRV RO RTE AR
2 5 B0 VR A I R P B A A, 7 I 3 IR R S
FVEAF AR LR 3K 100, B ZOR 42K 0. 1mm, J& 7155
WIJRE 22, T i 2 R v 5 7 I AR TR AR AN AR s
[F0) L, T BB AR AT AN T R IE L R L R K
SN T A PR I T A AR o R, N T AR T [
— B e P RE VR I R ] T s ) 7™ W PR 2 — o

WY AR5 AR VL1 2 5 T 1 28 555 9 B 2 A1 A T ) i
RO, [ AN XTI R A T T 22 )5 TR RIESY , Nervi
SRS — PR DR TN 1 AR AR AL
BB il i R v g L AR SR AR I 3 5 R B AR TE L ek
TR ZE7E 40% LA o El-Axirt 3 T —Fh 42 5 F ifid K
BRAIV ) NSRS, TSRS T S B0 SR AR ) 43
A R AR I3 S5 5 X B A ek AL R AR 43
Aii B 1 2R IS, X0 A B R 7 e 5 IR Ok b A
WD T A 90% LA IASTE o AR RCEEN T W AR N

IRFSEEA: 2024-06-14; EISEHA: 2024-09-10; RFABHI: 2024-10-31

BB : fisR5E$(20220007053001)

DOI.10.19452/j.issn1007-5453.2024.12.011

Wi Py AL T 40388 ISR, L SR B R S 2 2R, AL e i)
AR RIS RS 1 10% LA F o AP R B IR
AT AT T — i A 2 T AR A N T P PR AR AR
TITT I 2T R S T X RS, A AR it
T RB AR . R EUIUES AR R ) A T A 55
W B BE A AR FE T Ph 25 18 T AR Z I A A A 42
1 1 BRI TR (5 FLRORS BE , F B R T i Al i
G TE RN T S A o 7 A8 RE R AL I/ NI T AR ) T 2075
o BN R ZR AR HAR E AP SE T WG SR )
SR LT IR 22 RS R, S8 T — R L AR ) 25 K
BRI I T RIS TR 2 T 83%.

FIRT BT S 5 B v T 0 BR A3 A4 B0 i Tk Jon
TR IEAL , ST B AR SRR ARSI AN
[RJFHEUR AN ] Ak B SRR 8 A R A A 5 T e 19 22
5, HEDW LT A BT 8b o R, ARGl i i AR T A
(Rt U 4 SO L 00 i 5 AR IO 2 A R , SR SEAS [] Ak
BT FO AR R 5 AR N7 BIRAR , DLk 6 50 A 28
AT I TASTE BN o Ay 2 R BN T ISR v ik

SIFE#EY: Liu Haolin, Liu Chunging, Gao Shangde, et al. Experimental study on initial residual stress and machining deformation of 17-4PH
hydraulic valve flexible rod material[J].Aeronautical Science & Technology,2024,35(12):87-95. X2, XIES, S5, &F. RIE
PR IEFF 17-4PH BERIATIA BN 0 RN LRI tos[J ] RESRIE K, 2024, 35(12) : 87-95.



88 LR LSS ¥ S

Dec. 25 2024 Vol. 35 No.12

s BRI TSR AR U SR 2

1 FRRM XIS R D
1.1 HENREEE

1] e R 2 VAT (UL IR 1) g il B4R 2 5 17-4PH AN
BB —FPIOIE AL B IO R, B s
B SRS T A R FEAS AR I DL 1. A SC LU il
W) M AT AN R HE RIS [ B Ah 3 T2 25T A et Ay A 5 %
B IR ILBRAN T 3 AR R 2

ARSI P A 5T B s R A =R (I 2)
(D I AME 16mm Bk} ; (2) 3 H M2 10mm R ; (3) [ 7™
AP 10mm BRE, BT RE AR AL 31y X 3EAT S Rl (1D A
ATHALETE ; (2) AR FE(1040°C) 5 (3) [T AR 3 (1040°C) J
i 5B 4k (550°C ) 5 (4) i R B8 Ak (550°C ) 5 (5) [ 75 ik B
(1040°C) Ji5 I 5 fifi £k, (480°C) .

H Hi A% 43 0 i 3 32 B 43 S A A5UR G 45 R
O R B TR Bk VIR RE 0k LA
A FLILSE  #0 8 T 0 B yas . ARSI Ty A
BOCTWE =80 TE X ST At bk wt
R YL AE R AR B AR RN,
FRA I 5 3%, DR whease PR G0 4t 5 3 o 6 TEA i 6
e, XS AT S 2 H i s HLW S5 R iz i i
D7k IR 2 R DB, DR, AR SO e o X
SRYERATT ST R B A NN T AT A , Ay A A B ORE A Rk
AT, 8 A AL (UL 2) %o At A 7 2 (O &
3), W I AE R R AR B AN S 5 | BT BB AR 0L 51, Pt
WAL UL 4) X5 R R BR AR A 72 200 6, e 2%
ARG B R AR T 43 A1 o

s — N i
R~
K1 VAT s BIE

Fig.1 Flexible rod connection diagram
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Table 1 17-4PH material properties
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GPa (W/(meK))
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Table 2 Summary of experimental bar material information
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Fig.2 XF-1 electrolytic polishing machine
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Fig.3 Sample of electrolytic polishing and polishing of

bar material
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Fig.5 Stress direction diagram
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Fig.6 Schematic diagram of axial and circumferential

stress measurement
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Fig.7 Schematic diagram of radial stress measurement
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Fig.9 Test results of imported materials
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Fig.10  Test results of axial residual stress
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Circumferential residual stress test results
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Fig.12 Impurity layer in domestic 10mm bar material
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Table 3 Bar straightness error after different heat
treatment methods
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Fig.13 Radial residual stress test results
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Table 4 Straightness error after processing of bar material
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Fig.17 Cutting experiment results
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Fig.18 Outer roundness error after processing by different heat treatment methods
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measurement of residual stresses in thick, multi-pass steel

Experimental Study on Initial Residual Stress and Machining Deformation of
17-4PH Hydraulic Valve Flexible Rod Material

Liu Haolin', Liu Chunging®, Gao Shangde?, Xu Rui’, Zhang Wei?, Yang Yun'
1. Northwestern Polytechnical University, Xi’an 710072, China

2. AVIC Xi'an Flight Automatic Control Research Institute, Xi’an 710076, China

Abstract: Hydraulic valve flexible rods are typical components with low rigidity, and such parts commonly experience
out-of-tolerance deformation during machining. Existing studies mainly focus on controlling part deformation during
the cutting process. This paper investigates the initial residual stress of 17-4PH stainless steel rods from different
material batches and under various heat treatment conditions, as well as its impact on machining deformation. Using
X-ray diffraction, the axial and circumferential initial residual stresses of rods from different batches and heat
treatment processes were measured. The residual stress distribution patterns and the effects of material batches and
heat treatment processes on residual stress were analyzed. Through cutting experiments, the influence of material
batches and heat treatment processes on the final machining deformation of parts was explored, and the optimal
material batch and heat treatment process were determined. This study provides a reference for high-precision and
efficient machining of hydraulic flexible rods.

Key Words: initial residual stress; low rigidity; deformation control; 17-4PH stainless steel; X-ray diffraction
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