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Abstract

The residual stress in the machined workpiece has a significant influence on the fatigue life of the
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workpiece and its dimension and geometric accuracy. Ultrasonic-assisted turning reduces the tem-
perature in the cutting zone and the average processing force due to the discontinuous contact be-
tween the tool and the workpiece. Therefore, ultrasonic vibration-assisted machining technology
was introduced into the cutting process of nickel-based alloys. In this paper, the effects of different
cutting depths, cutting speeds, and feed rates on the residual stress of the Monel K500 superalloy
are discussed through single-factor experiments and orthogonal experiments. The two dimensional
simulation of the ultrasonic turning of the Monel K500 superalloy is carried out using the profes-
sional finite element analysis software AdvantEdge. The results show that all factors have some in-
fluence on the residual stress, and the feed and vibration frequency have the greatest influence. At
the same time, the best combination of individual parameters was determined through experiments:
B4D2A3C4E4. The research results provide a further reference for optimizing the ultrasonic turning
of nickel-based superalloy.
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Table 1. Table of factor levels

%= 1. EHRKER

RSP
AP DM A (m/min)  HEAE B (mmir)  {RIEC (um)  REVIE D (kHz)  7)EEMAEE E (mm)
1 60 0.13 1.0 24 0.02
2 70 0.15 15 26 0.03
3 80 0.17 2.0 28 0.04
4 90 0.19 25 30 0.05

R 1 HATIELFE Lie(4°)10 4 KT 5 IR IR, — L7 2 16 A0 ki, IEA2li6 )y Sk 2 fir
N

Table 2. Orthogonal test programme
T2 EXRWAHR

HiRe? VIHIE#E A (m/min) S5 E B (mm/r) RIS C (um)  REIAE D (kHz) 714342 E (mm)

1 60 0.13 1.0 24 0.02
2 60 0.15 15 26 0.03
3 60 0.17 2.0 28 0.04
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=
4 60 0.19 25 30 0.05
5 70 0.13 15 28 0.05
6 70 0.15 1.0 30 0.04
7 70 0.17 25 24 0.03
8 70 0.19 2.0 26 0.02
9 80 0.13 2.0 30 0.03
10 80 0.15 2.5 28 0.02
11 80 0.17 1.0 26 0.05
12 80 0.19 1.5 24 0.04
13 90 0.13 2.5 26 0.04
14 90 0.15 2.0 24 0.05
15 90 0.17 15 30 0.02
16 90 0.19 1.0 28 0.03
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Figure 1. Different cutting speeds and surface residual stress distribution
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Figure 2. Residual stress distribution on surface with different feeds
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Figure 3. Residual stress distribution on surface with different amplitudes

3. FRRIBS REZRN N5

HE 3 AT A, ETARREREES T 0~0.13 mm JEE NI, FEE I TIRERGEN, TARZERRRH
A B S BT R BRGS0 TR 0.13 mm HEOK 2 0.42 mm i, BRI AR NI
JS2A3, FF HAZ R A R L 3G 0 (7 B S B R e 3 K5 ol N e ds . BN iR EEILF] 0.42 mm
TR, BN IMEEH- T REiL T % AN, EIRIEN 1L0um I, TAFRIZAG R RSN I, 1M
YRR 2.5 um I, MIERAG RSN A{H . X0 T SRR, I TR i AR R Teik &
IR, AR AR IR R T T, RN B2 K. BEERIEROHE— PR, st R VIS T 4G
BRIVE, X AT RO 7O, T T TR R B A, D SR B AR AN AT I
Ay AR R R AR BT IRGE T F

3.4. FRENNLRI RN NI

800

600

400

2001

AR 71 (MPa)

0
0.

-2001

—-400-

FRC N TREEE S (nm)

Figure 4. Residual stress distribution on the surface with different vibration frequencies
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Figure 5. Residual stress distribution on the surface with different radii of cutting edge obturations

E 5 TEANHAFEESREARRN NS

DOI: 10.12677/met.2025.141001 7 WU TR 5


https://doi.org/10.12677/met.2025.141001

3.6. IEXZIRAIINIE

TR ZE S ITVEIR TN SHOS TR N IR, 25wk 3 Frox, e 3 3N T
FASHOT TR BRI AR N TSR R R : B G4 &) > D (FRah i) > A (DIHIEE) > C (R
&) > E (JJElif2EAT) . i s mafE FE T Sd o A3 B B AE G /2. BaD2AsCaEs, MHKRSHEUZ: i
g5 0.19 mm/r, HRENIIR 26 kHz, VIHIEE 80 m/min, #EME 2.5 um, J)EEf 4% 0.05 mm.

Table 3. Polar analysis

=3 WMESH
VIHI#EE A (m/min) #2458 B (mm/r)  #RI&E C (um) IRENHIR D (kHz) 71824 E (mm)
¥ 1 623.25 682.12 629.32 640.25 627.05
¥I1H 2 642.81 659.58 648.69 605.82 644.83
¥I1H 3 610.34 611.46 640.21 625.10 644.76
¥I1H 4 657.23 580.47 615.40 662.45 617.00
ez 46.88 101.65 33.29 56.63 27.83
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Table 4. Analysis of variance
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Figure 6. workpiece cutting cloud chart
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Figure 7. Optimal combination of finite element residual stresses
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