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Abstract

Ultrasonic vibration assisted machining technology has the advantages of high efficiency, high
precision, high reliability and environmental protection, which is of great significance to improve
machining quality and efficiency. In order to study the flow field characteristics of two kinds of
workpiece clamping schemes assisted by ultrasonic vibration, firstly, a two-dimensional model
was established and meshed in ICEM CFD. Then, it was imported into the computational fluid dy-
namics software FLUENT to set the relevant parameters of the model, to carry out numerical si-
mulation analysis, and carry out detailed analysis and discussion on the vapor volumefraction of
the flow field in different clamping schemes of the workpiece. Finally, the vapor volume fraction
distribution range and contents of two different installation modes in the flow field were com-
pared, to select a better workpiece clamping scheme, which provides a reference for the develop-
ment of ultrasonic vibration assisted machining technology.
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Figure 1. Clamping method of workpiece. (a) Workpiece and ultrasonic probe fixed clamping; (b) The workpiece is clamped

separately
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Figure 2. Simplified model of flow field. (a) Simplified model of flow field in Scheme a; (b) Simplified model of flow field
in Scheme b

2. RAREUAREL. (a) TR a PRIABUER; (b) FED PRIHELRE

22 GF AR A L FE7E ICEM CFD AT RS R 2, A T AR AR MR B AE R, B R B R 5l
WA R TR, IR A DX R F AR 5 M AL A Rl 20, IR 4 TR ST B 0.1, AR 90 )5, 5% a 45 134,996
NI, HEDbA 53,678 NI, HMEERI 0 4w 3 Bos.

@ (b)

Figure 3. Meshing results of simplified model of flow field. (a) Meshing results of Scheme a; (b) Meshing results of Scheme b
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Table 1. Setting of model boundary conditions in Scheme a

T AR EENFRFMHRE

KB /mm AR b it
AB 20 wall wall
BC 8 inlet pressure-inlet

DOI: 10.12677/m0s.2023.123169 1831 R ()


https://doi.org/10.12677/mos.2023.123169

BN,

Continued

CD
DE
EF
FG
GH
AH

1
14
1
8
20
30

deform
moving-wall
deform
inlet
wall

wall

wall
wall
wall
pressure-inlet
wall

wall

K 2 MR R & 2(b), AB. AL. TH 1 HG fCREEH, JK /RF T4F, BC fil FG AREH AN

AR S R PRI S B DL S SRR AR IR 4 2 B

Table 2. Setting of model boundary conditions in Scheme b
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AB 20 wall wall
BC 5 inlet pressure-inlet
CD 17 deform wall
DE 20 moving-wall wall

EF 17 deform wall
FG 5 inlet pressure-inlet
GH 20 wall wall

HI 8 wall wall

I 2 wall wall

JK 14 sample wall
KL 2 wall wall
AL 8 wall wall

3.2.2. iFHESHEE

RAEFBLEN transient, MIAPARFUR SR, WHF k- o BA, WEBEKNETM, KFETNKM,
5 &P AR LA IR e £ cavitation. BHUIAEONFRER TR, SIS BB, Hrhahid it

(VR WIREVSE

Hrh, =30 pum. f=20kHz. ¢ NizgfTHA],

y= asin(anxt)

Xt R T RER S R A5 B T S5 5 R

33. SAERMAERST

v =2nf xacos(2nf xt)

Q)

(@)

AN EBHR T IH A SR, B R EESE T RN RORDN, DR

DOI: 10.12677/mo0s.2023.123169

1832

RS


https://doi.org/10.12677/mos.2023.123169

#h, T

HIAERH NS AEN . TR alAERSHIEt=10ms. t=20ms. t=230ms PLK t =40 ms B Z| )5
AT E 4 FR.

Wolume fraction (vapor)

0.69
066
062
059

055
052
n4s
045
a41
0.3s
0.34
031
0:za
024
021
a17
014
010
007
003
o.0o

Walume fraction (vapor)

0.58
055
052
049
048
043
041
0.38
0.35
032
0.29
028
023
0.20
017
0.14
012
0.09
008
0.03
0.00

(b)

Wolume fraction (vapor)

083
079
0.74
0.70
066
062
0.58
0.54
050
045
041
037
0.33
029
0.25
021
017
012
0.08
0.04
0.00

DOI: 10.12677/mo0s.2023.123169 1833 e RSE TR


https://doi.org/10.12677/mos.2023.123169

BN,

olume fraction (wapor)

0.89
089
0.80
076
072
067
063
0.58
0.54
049
045
040
0.36
.31
027
022
a1

013
009
0.04
0.0a
(d)

Figure 4. Distribution of vapor volume fraction in flow field at different times in Scheme a. (a) Vapor volume fraction at £ = 10
ms; (b) Vapor volume fraction at £ =20 ms; (c) Vapor volume fraction at £ =30 ms; (d) Vapor volume fraction at £ =40 ms

4. BR o PRERAIS S ERFRATIER. @) 0= 10 ms FISEEHTG; (b) 1= 20 ms IS BEET5; (¢) 1= 30 ms
RSERN; (d) =40 ms IS EENH

Hi EIR5 AR AT AL 775 a i, ARSI, RE R K/NME ¢ = 10~40 ms I 2SR B K
¥, HAE 1= 10~30 ms XA [A] Bt A U8 R 70 A JE BLE AR 2 18 N B3, 78 = 40 ms I8
FREVKANFNE T i KAE, IR E R A W2 BT IF HAEARREI XA, SRR
N0 [, BFUAEARREN XN TEiE P AR A SR, Rt A SRR 4, IrBLVUE AR
N0, ROERFEIEH LU SRS, S8 R0 A £ B P TAHRENXIAE, HHiZ Xk 2
IHuE

HE 5 AR, AR RAEZNA T T S AT B ORAE . HRE R A B I T R PSR AR
AR ERERRNEEREBE . £ ¢ = 40 ms S TARAE BT H A Z1E 3 T 5K E
0.8987,

—— t=10ms

0.8

0.2

0.0 |

6 8 10 12 14 16 18 20 22 24
SrE (mm)

Figure 5. Vapor volume fraction at different times on moving-wall in Scheme a
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Figure 6. The absolute pressure distribution at # = 30 ms
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Figure 7. Vapor volume fraction and pressure at the middle point of moving-wall in Scheme a
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Figure 8. Distribution of vapor volume fraction in flow field at different times in Scheme b. (a) Vapor volume fraction at £ = 10
ms; (b) Vapor volume fraction at # =20 ms; (c) Vapor volume fraction at £ =30 ms; (d) Vapor volume fraction at /=40 ms
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Figure 9. Vapor volume fraction at different times on moving-wall in Scheme b
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Table 3. Vapor volume fraction at different times at monitoring points

3. WMNRTARRRZISERHKN

Ti % a A H KA E 3 RatE YN WK
t=10 ms 0.6896 0.7669 11.21%
t=20 ms 0.5773 0.8782 52.12%
t=30 ms 0.8184 0.9083 10.98%
t=40 ms 0.8932 0.9256 3.63%
0.95
o —e— JT%a
0.90 F |—=— ﬁ%b
0.85 |
0.80 [
E:E 0.75
0.70
0.65 [
0.60 [
0. 55 1 n 1 1 1 I 1
10ms 20ms 30ms 40ms
B 7] (ms)

Figure 10. Vapor volume fraction trends of Scheme a and Scheme b at different times
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