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Internal surface treatment of gas—liquid—solid technology based

on improved neural network and Fluent
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(1. Shanghai Aerospace Precision Machinery Research Institute, Shanghai 201600, China; 2. School of Mechanical and
Electrical Engineering, Harbin Institute of Technology, Harbin 150001, China)

Abstract: At present, the manufacturing methods of complex multi-bore workpieces in aviation and
aerospace often have raised burrs on the inner bore surface of the workpieces, which are not easy to
remove. In view of this situation, a gas—liquid—solid multiphase flow technology is proposed to treat the
inner surface of complex workpieces. Based on fluent numerical analysis, different gas pressure, water
velocity and abrasive particle concentration parameters under multiphase flow are simulated. The
parameters of abrasive particle velocity, relative pressure and abrasive particle volume fraction at the inner
surface of the near—-wall area which affect the machining are obtained. The parameters are fitted by using

BP neural network with MATILAB software, and the optimal input value of gas—liquid—solid three—phase
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flow satisfying the constraint mathematical model is solved by using the BP prediction model and PSO

(Particle Swarm Optimization) in the dominant solution set. Based on the optimal input value, an

experimental platform is built and L,(3%) orthogonal experiment is designed to machine the inner surface of

the workpiece. Finally, the surface accuracy of the inner hole before and after machining is measured by a

white light interferometer, which verifies the consistency between the simulation optimal parameters and

the experimental optimal parameters. The inner surface of the workpiece is machined by using the gas-

liquid—solid three—phase flow with the optimal parameters. The measurement shows that the inner surface

accuracy is increased by 75% , which meets the application requirements of aerospace workpieces.

Key words: machinery manufacturing technology and equipment; gas—solid technology; fluid simulation;

neural network; particle swarm optimization: orthogonal experiment
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Table 1 Simulation parameter data set
¥ AMES/MPa WM/ (mes ) BRI/ % BEE S /MPa BERLHE/(mes™')  IRBUNMY Y DFEINAE/ %
1 0.1 5 1 0.122 3.589 1 62
2 0.2 10 5 2.126 5.012 6 68
3 0.3 15 10 5.336 8.742 13 53
4 0.4 20 15 12.461 11.641 16 32
5 0.5 25 20 20.174 12.347 18 69

T MRS B2 (ELAY — EOrE B B B 2 S8

W7 1k 3z AR B AR A 2R AT I TR
B3, MR A B R A RO T 5 LR R
T HRA XX (D) PR .

0=SX— 4
> (4)

Ko AMBIREL s P i IR J1 5D R TAFAME
O A WNFLEEE ;S N2 RZE . TARM RN
ZAICuSMn(Z1.201) , 5 & & 295 MPa, PN L BE J&
2mm, NFLAMNME R 10 mm, L4 R B S=6, i
PR AT R J1 0 19. 7 MPa, AR IE T A A
2 BN 7, BE R KR B R /N T 19. 7 MPa,

3 PSO-BPZ Hir#Hl RE LR
& S8 51
3.1 BPZM&RMIEH

3.1.1  FImEFEME—1k
8 13 ANSYS Fluent Ji 4 45 2 % 5 i) 55 U5

3AEIASE R F7 oK T B AR R ) AN
A% S B L BE TR 7 L B r T S o (AR AR
SR AT EL ST ) B R Z T 22 AR . AR
AR 25 Aof 20 0 26 %) o T e RIORS i e 9
& SROBE AT A — R Ab BV BdE 3 — fk Ak
PR AT A B S B LRy [0, 1] Z 1Y
. /£ MATLAB # 4 iH H MAPMINMAX bR
e A —1k .
3.1.2 BPMZ M4k

FH ANSYS Fluent Ji /4 {5 B R 4 1) 2048 4 11
G 22 (0 245, 4 22 0 2 S I 2k v R B EL AT T
fiE 1. MATLAB #1244 T H46 H #F BP # 2
D) 265 bR S, R FH AH G /Y F 2 7 s 2L NEWFF SIM
SERERAE . R ERLA MR 3 A S
B4 S8R TE 256 X E BP # & K
2R G5 H R 3-13-4, FE AR HOoR AR Y 125 4 B ds
£ rh Ve B 115 40 FH T I 2k BP Bl 2 10 2510 0 4
10 255040 FH F DU BP #2824 1) T P e . BP



1542 - THRKRKRFFHR(OT F RKR)

P 2% 25 Kb A RS AN P 7 BT S, DI 2R 5 R fn 1R S B
N BP #2 R 45 Zh g Bl IFR W, RAEE] T
0. 996, i J& Il Zr s BEELSKR .

= PER AR
” Ey

JEBETHIE )

__‘ig%&EFV

AN

i\ |
2RO

B L

XA AN
NS MO
ANVS N
et —- OO
WIS
LIPN = [SEg=] 2
{5 BIEmfE % -
E7 BP#EZMEER
Fig.7 BP neural network model
o Il R=0.997 08 o I84IE: R=0.996 9
. O Data . O Data P g
B Fit | —Fit e
05 Y=T 0.5 y=r &
o o A
H 0.0 B 0.0} 8%
44?? @ v
o ? 4
| -0.5r
jr0)) @
~1.08—— ; ; - —1.0 : : : ;
“1.0 05 00 05 1.0 ~-1.0 =05 00 05 1.0
H ¥ E ER i
o PR R=0.991 09 4588 R=0.996 17
' o ll:)_ata o Qata
0.5r Ylt: 7 0.5¢ Eflt: T
o o
A" 0.0f 070 = 0.0f
& &
-0.5} -0.5¢

1.08
0.5 00 05 1.0 1.0 05 00 05 1.0
HFrE ER7icH

s EsER
Fig. 8 Training results

3.1.3 BP M2 k2% i

FHNZ 4 1) BP i 5 ) fi 190 D0 A 28 14 o 55
i1 55 R A Y 10 ZH I A s A E AT D, BB D BP
2 0 285 11 TUI (L >y Sl 26 1 R 50 S {E L i LA BP
25 D) 4% 000 K O B (B B - 4R B AT R
(75 X o IR 52 IR BP Al 25 9 2 T 00 4 11 0 5
Brdi s EL an B 9 iR o g5 R o LA R A
L AT LU BP 28 0 £ 1) 000 A 0 LA IR
2k R S B i
3.2 NFHEENSHINK

PSO CHE R 1) S —Fofn X4 10 1 Re L1k

% 54 %
181
16} —— Tl
Ll —e— ShRf

JEBE T & /1 4H/MPa

6_
4
2_

0 1 1 1 1 1 1 1 1 ]
1 2 3 4 5 6 7 8 9 10
B
(a)JLBETH F 748 TR0 35 2R

181
-l —=— 4 i
—a— SEFRe

BERLHEE/(m-s!)

1 2 3 4 S 6 d 8 9 10

ol A

(b) B R U2 R
1By e F
16} ety

BERLAAAR S B0 %

‘T2 3 4 5 6 7 8 9 10
Bl =
() BERLAARAR > BT 25 R
09
0.8} i —s— T

.| —=— Sehrfi

00 1 2 3 4 ) fly 7 8 9 10
0l
(d) 0 FE 495 E TR

B9 WMMSH5EERSHTLE
Fig. 9 Comparison between predicted parameters and

actual parameters



% 6

ERBEE A TRAAZRN LS Fluenttd Lk B RN A @ a2 - 1543 -

R B RO A R R R N R T & e Y
H FRE v 0 BT A TR R S AR N AR A TR ORE v Y
KL 11 42 Je) d5e B S 2, 30 A o B0 L A 3 ALK
L A RIS T A B AR A AR e DR L
ALY SE YA R WA NS < A BT 5- 7 1 VA A A i
ARIMA(5)(6)FiR .
Vi =V it o (Ph— X'+ er( Pl — X)
(5)
X=X vt (6)
o g BPE R 5 B, A3 TLO, T IX ] Y
BEBLEL ; £ R 24 /73R, P AR B bz 74
B Ploh 4 Ry B e R F 07 B 5 o F e ol B
VR RL B X R E
3.2.1 BEAAE A
B — KL ) I 3 B ) 06 7 B S A
AR AE TR, SR VB R 0 e A A
I ot JE R 3 A S BB T R B R g Ok B B
e, WAL R B R e 3 R S 8z
[i] v 34k i A0 M, 8 <0V T 19 o P ik 3 e R
B RS A 3 2 =K (1) (19 Preston 77 F2 AT A1 A3
R [F0) A 17 S 1 2 ok 2t 5 30 R T 014 R D (L B e
N3 TR N AR 1 o E O SO L2 S R S i
A ESESPAR N3 TR YN RN AR a1 N
B IR R R, B R P 04 B ) 2% B i i B 0
Ko N7 N T X T AF = A 3405, 45 4k (4)
AL T RE T A JIE R /N T 19. 7 MPa, B, R
PRAE T A I T i, B T 05 B A E S
SRR AN N TR B R A R %
SRR IR /MBI, H A N 26 T REDRE 5 5 o iAo
R 3R 3 il A5 (B i A S BCARE T)
KU B R A R A XX X, B S 0 R
[(OPASWAIN-3 TRT SN RN A O =R e D
Y Y, Y, Y, AT BN F B ) E i A
MaxPy=Y,+ Y, + Y,
Min P, =Y, (7)
Y, <<19.7
SR — 4L A S B AL 3T BE TR (B
IR TR N AR G I N T N = K =
J& Py fe /s LI RE TR 1B/ F 19. 7 MPa,
3.2.2 kR
PSO S 8% & AR PEACE w, 24 2 T F ¢,
¢y, L S5 R TR BRI B Rk AR B85 A Sk ) A 3
O 8] A ) 2 M 3 U AT Tk AR B M AN Y i TR A

M Woe=0. 9, wpu=0. 4, A HEFLTE w H 0.9,
FIETFWE oto=4, H =2 F E R B K
A HE W S A5 O 4 B3k AR B 2 L B R
TE PR i it B R WORE K . B B c=c,=
2, SR 5 AL 5 B Y A T R A ]
Gy PR OFF B ) I BT e KR R 0.5, R B 1k
3 S 354 3 R FI AL SICTR 25 UL 4 A SOk
3 AR SRR B, 0 Bk B R AR IR B 100,
SRR E TE G AT R AR AR . S R AR
il £ & 10 iR .
ERIRE M2k 2 ARB=100

50
40}
301
ki
3
AP
10
0 L 1 1 L 1 i
0 20 40 60 80 100 120
B
(a) P &R BEIEAR 1 28
o TR BE 2% 2 1EAR%=100
0.6f
0.5}
i
2‘
1)
0.4
03}
02 : : :
0 20 40 60 80 100

HAARH
(b) P 38 L BEREAX 2
B 10 &M EXRHZL

Fig. 10 Fitness iteration curve

3.2.3 witSH

SR e ok R v R R AR A £k G 18] 11 TR
15 N PE Pyt KR A7, 38 N Py fie/NR 0,21, i BP
ot 272 X 4% T A TR ] A5 ok 7 () B HH S BRI RE TR
43 12.5 MPa, J& i 5 i 22 m/s, B ik B 12. 2%,
U5 B ST EE 21% i ASEUSURTE 1 0. 48 MPa, /K
T 20. 3 m/s, A EE R 10. 296,



- 1544 - THKRXEFF

(T % k)

% 54 %

2 0.3 0.4 0.5 0.6 0.7 0.8
EREEP,

B 11 FhEER X R E N
Fig. 11 Corresponding fitness of population particles

4 Tk

4.1 #EEARFE

SRy 56 E TR B AR Ty 2k A RhE AR B
RS B R A S8 HE R 12 (a) TR AR
BN TV 5 o 8 R BRI 06 5 K R e S
ANTR] I T, 48 8 K AR TR A A IR A S 1y
K7 TR S R = T T AR R O 1, SR R
T AL 9 A % B R AR R T 2
S RO /LG B W o o B T W ) [ I P P ) | = 1

Pt R %

B FiA i 2%

(b) AT AL
E12 SLRiEE

Fig. 12 Experimental equipment

Jei B8 A PN 3 TR RS JBE AN 7 5 A, B e R TR
DI BE AT ORI T, SR 5 8 18 12(b) R
(9 OGP A AT LR T 4
4.2 EXRRE

R ST SO B AR N T 0 vk B AT BT
PSO-BP 5L L AL 28 2R i i if 1, 8ot IR A8k %
R 3H T 3K Lo(3) IEACIK S %, LUR it 2 H
G5 S0 N ] K e TR 9 2 e S B i ok 2
PNk & o R A B ( E/SE vl B S | I ST
30 min,, i i 1E 5 5 23 0 W 4 3 A i A S Bk
PR L2 AN T 85 i AR

R2 SHRERAARAMIHEZ KBS H

Table 2 Orthogonal experimental parameters of
internal surface processing of gas—

liquid-solid technology

AT/ KL R/ BEAHMERE L )/
7 MPa (mes™ ) /% min
1 0.4 19 9 30
2 0.5 20 9 30
3 0.6 21 9 30
4 0.6 20 10 30
5 0.5 19 10 30
6 0.4 21 10 30
7 0.4 20 11 30
8 0.5 21 11 30
9 0.6 19 11 30
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Table 3 Orthogonal experimental results of internal surface treatment of gas—liquid—solid technology

%5 SR S /MPa K/ (mes ™) [P AH ¥ B2/ V% JinE A /min MRS B2/ pm TR R Y
1 0.4 19 9 30 0.422 31.2
2 0.5 20 9 30 0.314 25.6
3 0.6 21 9 30 0.452 30.3
4 0.6 20 10 30 0.322 24.5
5 0.5 19 10 30 0.317 24.3
6 0.4 21 10 30 0.351 28.8
7 0.4 20 11 30 0.348 29.1
8 0.5 21 11 30 0.352 28.9
9 0.6 19 11 30 0.455 32.1
T4 HREERNE WE T2 W A 2 AR 2 WAL
JHEE 'TIEIJ_'T .‘HEIJJ— Jﬂ]E‘ﬁ
Table 4 Response value of roughness JUE RIS 2 WE 3 IR 3
A4
W= T A1
K — ] —
AR/ MPa RGHEEE/(mes 1) BRI/ 2
R4 ‘
1 0.374 0.398 0.396 N g Y3
& 23
2 0.327 0.328 0.33 )
”*$)L@ AT 3
3 0.409 0.385 0.385 A MG 52
WAL WL WML 3
RS MIAAEOLE WEAL B2 W
Table 5 Uniformity response value
- = 14 MESATRERE
A ES
IR Fig. 14 Schematic diagram of measuring point
SRR S /MPa KREEEE/(mes™ ") BRI/ %
1 29.7 29.2 29.1
2 26.2 26.4 25.8
3 28.9 29.3 30.1
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Fig. 13 Survey schematic diagram
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Fig. 15 Schematic diagram of inner hole surface
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Table 6 Measuring roughness parameters of monitoring surface

W A HEBE B2 S AT 2 8 i s,/ pm HUBE B 24 7 M BE 5, /pm FERE B 5 K ¥ 5,/ pm
B S 0.231 0.328 13.423
W BT 1 I 5 2 0.266 0.360 9.907
W4k A3 0.219 0.323 13.542
WAk A1 0.334 0.433 8.004
Wi WL TE 2 I A5 2 0.373 0.566 17.047
W3 0.262 0.377 19.611
I 51 0.303 0.417 12.864
W R 3 I A 2 0.271 0.368 15.857
T4k 503 0.221 0.282 6.169
Tk 501 0.174 0.254 7.422
W R 4 T4 2 0.231 0.413 18.624
I3 0.322 0.537 8.340
5 g'ﬂji i/li\‘ [J]. Petrochemical Industry, 2020(1):62-69.
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