2021 4F 4 A
39 BE 2 M

[ DA N e 3

Journal of Northwestern Polytechnical University

Apr. 2021
Vol.39 No.2

https://doi.org/10.1051/ jnwpu/20213920334

TR AR BB AR

x| AR, Bk,

EHR, RER, BE

(LPGAE Tl HliseBe, Beph P92 710072; 2.0 EALA EERg AL Sl A BRSTUELA R, BiE 200241)

i E A ST R SR A TR AR EANA S AT R, AL T BRI E A T,
TR T ¥ B FRAe R A 2 My X oA W I B R B T A AR, B AT e A E Y ST
Vo IR BRI A HE A B 1 R R A RO BRACROE AR RO S L ROA R KRG AL R BT
89 K IRAE R A2 3 AR R B W3 N 6 R B RCR A TR e B A @A E R R,3.139 7 pm B E
R,0.580 5 pum,*t i R fAkE E oy R 4.847 3 pm % £ R 0.360 6 pm, i@iTAR £ 57, LI T L AT
TR EALAE L 4 0 AR 3R AR K Am TR ) A TR A JEALRLAE

*x #
hE 452 . THI62 MERFR SRS A

TOUE MBS 2 25 R S AL TRUIE 2R 46 1R A0 3R A
o FUE R 8 PN 7 A T R ) i — 4, P 213k
AR Z AR SRR 70~ 100 K, FE42E
RN A BB, T 58 i e TR R AR R AIK 15 K, I
R A ] DR R —

TOUSE G Sy AR 25 4, B RE PN |
T /N R SEREAE N ZS (RN I TaT kb2 A%
G T AN HEMERE RO, A SR AR I KB
JESEB R, B G R R 2 B SRR
SRR R T WS I B R 1Y) B AT R T 1), (R R B
A AR B8N P A A R SO R R T B R A 22 AT
Wizs RENHLE 2 R A, RSB ) s 2 i1 7
AL IR AT A

FERL I A O'G BB AT B i 3, 7E R TEHTT
F ST 5 T2 T, S B T B BB, o8 O
B EN AR S SR IR AR R R AT kL
TILXT AL 2 LR ) 1G4 1 1 B A R e Ak T
MR B

PRI LM, A S 32 S T R 44 b o] s 00 M 86 = Jo
FMDCREF AT, X HE B 15 B4 1] 385 T Wt W5 7 A
2R TR R AR R X,

%5 B #5 :2020-08-04

TR 3G 2 TRARHR 5 B AR, R BT E
MEH{S :1000-2758(2021)02-0334-07

1 FrEmE BRI T HERES T

1.1 EhHHGH

THEGARS) J12% (CFD) & F HEUE T3k 4 B
TR 72 () ) — b T2 HAZ O SR i 45 2 fluent
A fluent J2& H HiF A TR 2 0B 2 —,
PRz T ERUE T AT Hedi i 14, ips &
VERRRRAS SR AS I it Bk & Z%im iz 8y, 11
SEASTAL B R i AR A AR A k-w AR
TEIm RS TT , Kdt BY B R AR i A A B i 4 30 1 g
1T iz gl , S TR RO M UTHI P sk
BN AR AT 2 S U SRR, UAR A B
ARRERURE , BE T L 25 A 15 B8 O T g B B T i L
134 BE TH pR BN Standard Wall Functions'®'

BRI BN 1 PR,

*1 SHEREREE

kL W/ (kg - m™”)  BhE/(Pa-s™)
TR (M) 790 0.03
BALRE (AR 3170 1.71x107°

AFERIBEE T 5 RERL, Ik 2 s,

EHZ B XL (1970—) , PEIL Tk RAFRI2bz , 32242 2= il i 22 A0 3 s50Rs 28 I TR R oT



52 1)

XA, 25 304 it TOUE 8 35 T s PR OGRS BRI ST - 335 -

®2 EHSHRE

' Bk HEC BERORAR/um BERNRE /%
1# 170 90 80
24 270 53 80
34 460 30 80
44 460 30 60
S5# 460 30 70

B 1 Rk 6,8,12 MPa . H 1 ok
S R 3# RIS L A E T J5E Mot 1 1A i PN A
DX 35 378 B R 0

102X 10
385x10°,
-2.49x 10
-8.84x10°
-1.52X10°
-2.15X10°
-2.79X10;
-3.42x10
-4.06X 10"
469X 10

b) #OJES 8 MPa

-3.51%10°

a) #OES 6 MPa

158X 10°
629x10°
-3.18X 10°
-127X10;

-221X10°

316X 10

~4.11x10°

-5.06X 10 .

-6.00X 10° : i
-6.95%10°

¢) #NES 12 MPa
Bl 1 AFESEE ST N E

HIPE 1l B B LR Sl A /N IR A
PEORRRL 28 2 AL I 0 s g e i L, A
11265 2N I DR f e S s EU B e R -
O MR AR S R AR L, {H
Besh F2 AL HEGA R L, A R AR fE
AR B R A T Y A RRRE 25 SR R
TEN PR Sl id BE NG | shREREA 9 i J16E B kL i
FrAEAS R ol T A M G T RO e 50N, e I A
AR/, BRI B 0 g e AR AR
B W, 1 s 22 B ARt Dok, K 30 e/ IV
[EIRAVEY <

PREFHE DR A | A3 P RR A T R L
IR A S AR, JEE R TT 8 MPa, >R 2#

JERL, A ETALE F1 0 7 995 664 Pa, M Fi i B - 14 #
JE 153992 961 Pa; itk % /) 8 MPa % 1] 4#B5 K}
AR 7K 7 995 786 Pa, W F i 8 V-2 1 1 Ky
4 008 931 Pa, HiULAIH!, A4 N T A 4045
BT HE 1 7, BEAREE L BE | 38 R B Rk A%
I R TR X 35 s A R ) o R ) T
AR, 20— L ERE T R 8 BT
DA B OV R R 25 5 7 a4
1.2 EEZHSH

2 kYK F1oh 8 MPa, JERL H X 460,
VR 24 H1H 80% ,70% ,60% 5t 3 il B ) 75 i ke
WS PR s O 3 v A L

6.15%10
57110 . |
52710 511x10!
483%10! 46810
439x10] 426X10'
g.gfx:gl 38310/
51 340X 10!

il
ol

22010’
176X 10,
132X 10
18.78x 10’
14.39
10.00

a)  PERRKIE 60 %

2,98 10!
255X 10
2.13x10'
1.70X 10,
128X10,
851X 10
4.26%10'
0.00

b)  EERHKEE 70 %

550X 10!
50810

465X 10!
423%10
3.81X10;
33810
296X 10!

25410,

2.12X 10|
169X 10,
127X 10
8.46
423
0.00

o) BERIKIE 80 %

2 NIRRT B B A PR

AR 00 BRI A U R EOTR], (Hf ok
VAR o BRI R L, B AR R B H D)
PERHALEE £ T, PR 23 AR K, Wi B i U Ak
JOE 58 o A 7 R T S N R (HR R
AR D) B AR P B R 5 /L | 2 5 DT I ) B
F A T AR B, O ROR Be 22, R )
8 MPa R HI 1#IERE, AT (H 1Ak B A, BEHA
Tl N L LR, A P RREAR I, TR B AR L4
I, B PR R S LA /N, BRI s PR 22, L
PR AR



. 336 - Wodb T ok ok

¥ 5 39 &

1.3 EH¥YIASH

BT 70T TS ke R I e T Mt PN S B
TR 3 AN TR T4 T F e Mk 6 PN s 55 4] ) 43
%ﬁilz]o

122x10;
— l.lSXlOs
108X 10°
1.02x10,
9.47x 10!
8.80X 10

110X 107
103X 10}
9.67x 10!
9.03 10!
83810

81210 7.74X 10,
744X 10" 7.09X 10
677X 10, 645x10
ey © Ssox 10
541%10] 5.16X10

) 451X10;
406X 10; 387x10°

338X 10 322X10
271X 10} 2.58%10;
203X 10/ 193%10"
135 10" 129 10°
67710 6.45% 10
0.00 e 0.00

a) 8MPa,17H,80% b)

4.74X 10

-l

8 MPa, 270 H, 80 %

12410,
117X 10;
1.10X10]
1.03X107
9.65% 10
8.96X 10"
827x 10
7.58X 10!
689X 10"
620X 10
5.51x10"
4.83%10;
414X 10"
3.45%10
2.76x 10"
207X 10"
1.38X10"
6.89% 10’
0.00

=B
¢) 8MPa, 460 H, 80 %

B3 AR H T BV 750 A PR

SATRTRN, B I AT A AR AR R
R ABFESEBR R ke in T 735 KAy >k i T
HARIE L St Bl g m) R, B 3E 1 7 8 MPa,
JE R BE 80% , BERLRLAR 7351 170,270,460 H it
R BT S143 50 9 18 895,19 334 LA 19 478 Pa, A
DB A B R AR 80N, B V) WG AT HE R, 3BT,
JEE e it v ELR AR G A R sh AR, 10O
RO, ORI R JIANAE B RDRIAR Dl 460 H S
BHR A 80% ,70% ,60% Bt , I F o7 B 1 - 34 55 1)
T153 50 19 478,21 484,23 255 Pa, ] W5 R
W BE AT, W o7 2 5 1) 33 i n , D R A TG
R B2 B RLI SR SR T A BN 72 43, B b AT AR TR
ShEESERLDIEI

2 KRB SRAEIEIT
R S e X WO f e AR B B S

SRR i A AR EOS M280 ¥ #% .
AR AL RS Carpenter A2 724 In718 KA, B3

W 3 s R BEE T 15~53 um,
WX HOCIE AR TS HOE 3R 4 R,
KH LR T 22580, 0 6 454, — 4T
3 HTHE A i 3 FUE S Y R B i, R S T
PRIT IR L 25068 18 A 1 3 T M 8 4R DR |

R3 HRESE
JLH Bt 7 8 % TR S B %
Ni 52.80 Si 0.16
Cr 18.82 C 0.046
Mo 3.21 Al 0.52
Nb 5.20 Mn 0.016
Ti 1.06
x4 HEBHE
e E#ﬁﬁ%/ HfEEE, @R
mm s ) mm mm
285 980 0.11 0.04

TR0 4R T DAY s 2 TS 504 O SR FH B
F| Alicona Infinitefocus G4 — 4 2 I M =A% ; % )5
2 TERHRS B2 7 I SR FH 4 ] 5 7K MarSurf XR 20 #H
I S 5 T 174 00 R P 7 ] 1 PR B 2
K B = AR,

TG kB m AL R o 4 SRR O R i B R
TR AR ILRE . IR AL A, MR R R s LA K
PRV v W I AR ARG R, B R
T R BRE T KRR R A IR T 3
FERE 43 0 B RLRE A% 300,360,450 H e 2 14 K
80% . HICR FHVG 22 2 v B L I AE 2 ML FRAA
) SMKSXA-B60OE JEHRi it el

TR AP PERCR IR T T R A
FERE B SR 0 Je Bk (WLE 4) Fn 2 A EETH
il RERY TR b | RIS EE M S i SR E

WELS Fr, BRUES G A BH SE BT T Mot 16 1A
T 5 A ) B ST PR R i e T AR T AR A K — )
“ORA” AR AN — < 3 4l A TR R ) B sk A
FEIEPER T B b By 1k R i HE R SR %
SEFIREREIR A RO AR T T e — 8ok,

AR R LAy e M M i R T T A A
TZEER G R TR o A e DA DI ZR ()
AT RGBT i G By, &
TR A 7 A 4 T RS 4 Gkl 43 A 2 A4
Bl T B . A AL A A B T Ak AR
S-S eI B HES G Z M, SRS T



52 1)

XA, 25 304 it TOUE 8 35 T s PR OGRS BRI ST - 337 -

V22 IR FS T ) SO T A o el i
- IR RN S 2R AR PR R B 28 Ak T A5 E I T

: ¥

K4 Je Ak K5

PR AZ i, BF ST RO AR I T
ALK 3 A2 R 3R Bt = R &R =K IEAS
B, IEAS S UK 5 R,

x5 ZEER=AFEXTRBSHAER

JE LKL T Jn T B

75 y A
%/H J1/MPa [7]/min

1 300 5 120
2 300 6 160
3 300 7 200
4 360 5 160
5 360 6 200
6 360 7 120
7 450 5 200
8 450 6 120
9 450 7 160

3 KWERDHH

I MRV BRI SR AN 7 B, RTEAFAE R

HORDBY B RO 41, T B P B
e e g Lo

)  RRIHMAMS AR
B 7 SRR

TS 1R

FPIRAS, B b O 2

Ko Sy

I OLRYERICEL G . 1 Th) Bz S i B X 3,
PRI B /N RS BRAGSEONE | 32 A A XU
E A, BRI 10 ~40 wm A5 FE g
Fr G [RIE PR R T BE AL BER R ER R
B, WK Te) B . IR 5 g A A J] LG
At 2 35 BB, RSP BOR, BARE B AE 100 pm
b S A2 S EER BRI, A
6 T 2B A Y i 2 ISR, B B
55, —AEEHNIE 7d) s, #OG)E SR 45 1 15
N EREHRE L R, R, DIHZ553 IR 6 iR,
R6 REMAKENELR

L BRDEL MR e R/ R,/

T #/8H  Ji/MPa  [A]/min pm pm
1 300 5 120 1.5918 3.8540
2 300 6 160 08416 22610
3 300 7 200  0.5805 1.8610
4 360 5 160  0.8270 29845
5 360 6 200 1.0218 23178
6 360 7 120 1.260 4 2.823 8
7 450 5 200 0.9210 2.0745
8 450 6 120 1.2960 3.3745
9 450 7 160 0.9913 2.604 0

AR SR RN 22 53 B 12 A BRI A 8 26 1T RELAE 13
R, R, IE ML TIRR R %, A5 T+ AH Wy
2R LN EANIEL 8 B iR 28 A R ke 7
7N

EEERS
PAk-F
BRAA

8 Mz HrERER



. 338 - iode Tk K

¥

539 %

®7 REMABERESTER

ot ERDRAY/ TR/ IR,

HEAE B
- zh H MPa min

K1 3.013 9 3.339 8 4.148 2

K2 3.109 2 3.159 4 2.659 9

K3 3.208 3 2.8322 2.523 3

R, k1 1.004 6 1.113 2 1.382 7
k2 1.036 4 1.053 1 0.886 6

k3 1.069 4 0.944 0 0.841 1

ez 0.064 8 0.169 2 0.541 3

K1 7.976 9 8.913 7 10.052 3

K2 8.125 4 7.953 5 7.850 6

K3 8.053 9 7.289 0 6.253 3

R, k1 2.659 0 2.9712 3.350 8
k2 2.708 5 2.651 1 2.616 9

k3 2.684 6 2.429 7 2.084 4

M2 0.049 5 0.541 5 1.266 4

K8, K, W j AR m K iR B A X
FRVRAL K, K, PRIE . WK, BR/NAT LA
J R ACE R R R KA Bl gL &
R, R AV R A2, RIS j 51 PR 38 45 K7 73
FEPRA B K S e/ IMEZ 2

Rj = max(i{jl akﬂ""akjm) - min(kjl ’KQ’.“’T{jm>

R, W T4 j SN R /K- AZ S i g e b
WS SR . R B, B IZ K 2 0 IR 50 48 A 1 52
M, PR B 2 TORAKYE R, KD
AT AW R R 9 =

R W 2 43 B S L T 2601 o T i ) e 2 42 3% 1
HUBERE R, SRR BERDRLAE S /N R, X T2
SR BURE RS R, — 30, Do B CRCR 1)
PRI AR U N T RS ]l T Ty RS Rk AR de
T A A HEERRAR 300 H N TJE S 7 MPa,
T EFE] 200 min,

R, AL H R0 T 52 30 T e #h T R, 58
THE G AR (BRI, BERE R B A K, R
TR A VT KA, 5 350 2 TDREDRS B v
7 24 kT H R 2 450 HF, Bk R SRR/ i
RA A SR E R B, R AR SE B i T R v, 45
AR FE AR, A 3 T RS 32 o) B R 50 A2 Ak
Wi 17 552 553, A6 A R AR I A R R T A
JE Y B RDR AR BRI 2o 8 00 T ) AT R

R TR FE v T 0 A6 HELRE 2, TR L 1 255 5 % s
b SN ON R I [l DB S v e e S i )= AN

R, R, BEINTH 7 44 R 5 30 Hh e ) B i
PR Ry INWESWAR: DN - eyl HIE SN -5 RGeS
TR ik s NSNS TAA NS U N TR
FEE ST ok 0 1 o T oy kS 2 S T B I TR
FESEBR AN Syt s Bl A8 AT DA S 48 74 T
FE T3 ABAE N T3 2 i oy 758 3kt O R g ok iy
KB FAFASTE A8, S0 THHE] 120 34 % 160 min
W R, R, B F R H 28] 160 35 /1% 200 min
BF, NREARSE TR AR T TR A A, AN 5
& BRI KR BRI MR B A 2
B T DA R B 8 5, s B A A 1T
TROEARFT, 0BRSS, MR LR R,
SEBR AN AR A 3 > ARG T BT

E 9 AR T A SHCF PG5 204 9 i 2% 1 3
RS, o] WAR B 34 10 R 4 TR A R 4B %
Fiw e, [ 9a) Ixf N SECR R
SR, BTN T AR B, R AL, Bk
TR A5 A 38 50 45 1 A7 AE HLAT Kk Ak 5k B4 20
%, [ 9b) IR f T8N Ty, B R ) Ak R
SR v oy I T | R e T S A
9c) A H, LK TN T B[R] 2 1 P 0 O AL &
W, e AP FR Fy i 38 AR A5 3, {H 5% B 1M1, i IR
AL AR E R EI R R TR 2, K 9d) B
N, OGS B R B R R R 1 DI I RO 3
5, AR B R ERIE R G: E9k 58 4 T BR A O
W BR , 2 U R I, RS 5] 2
LA 5 7 [l A SRR T, B OGIR AT

S Y5

¢) 450 H,5MPa, 200 min d) 300H,7MPa, 200 min

K9 ARESHT N IELRIER



552 1

XA, 25 34 T 3 T M 6 3% 1 1 T B BRI

3

- 339 -

>

B o e i DL R ik B S S R B ST A
K AR AL DS FEATA R o NANIREEAE Tl
DXl i e AT B B AR T, AR B Y 5k P SO
WAREN TR LB,

£ 25 FEUSRRILREATT O AL YTH B8
TR AT R e, s Ak DU e AR 5 89 070 0 5 L
7N EE e O R S W NESRL AT AR R |
KIS

4

T A AL N B4 1 ) 32 B4 v A i 8 23 00
- 00 5 2 B8 7 5 L 0 70 63 AR R e B8 R 84 S T

AR Y5 188 3o 1 DX A R AR ] i 1K
SRR G R S DN R IO P 3 v L TR e LA SR
B RE AR, B BT T IO TR IR
ROREAS T I )X 2 O R LR R, |
R, (2R, EELHEUNE

2) BERLE T 20T UK B B T+ A 1hi T i
WCSE R B R RORLRS B R, =4.847 3 pm T
FFZE R,=0.360 6 wm 2247, S K0rb i & 44 3 i Al
R )5 M 255 AR Fh 5 28 55 40 Uk in TSR] T
J1 B kLR AR, B AE T2 S B A o T[]
200 min SN TJE 7] 7 MPa JERk4% 300 H

3) PGSR AR RS Rk kAN HE
iEEle VAN DA R:NLs Atk SoR S E kg SN
15 FLrh AR AR — Bk e 2 DA S i 4
TR AN ST 1 [R) R A B o | I H I 52 ) 5] 45
P FCVF N 22, B T IR0 Tl A 3

S

% it

=A

1) FEH5 05 B W A EREA T 35 K

SE M

(1]

(2]

(3]

[4]

[5]

(6]

(7]

(8]

(9]

EBE SRR IR = MIERBITE [ D] BRI S TR R 24,2012

WANG Lu. Research on cooling technology of a trapped vortex combustor[ D]. Nanjing: Nanjing University of Aeronautics and
Astronautics, 2012 (in Chinese)

. MO TR T L AR m a5 [ D], Kb gk, 2014

TAN Chao. Research on processing technology and surface quality of metal micro-holes machined by femtosecond laser[ D ].
Changsha: Central South University,2014 (in Chinese)

Wik, B R, B, G ORI HE BOR TR IR S R R[], A diliEHoR ,2016(12) « 26-31

YANG Qiang, LU Zhongliang, HUANG Fuxiang, et al. Research status and development trend of laser additive manufacturing
technology[ J]. Aeronautical Manufacturing Technology, 2016(12) : 26-31 (in Chinese)

i, SN, R s B R A A A R DRI TR S [ ] A g HR ,2019,62(9) 1 14-22
GAO Hang, PENG Can, WANG Xuanping. Research and development of surface finishing technology for complex structural
parts made of aviation additive[ J]. Aeronautical Manufacturing Technology, 2019,62(9) : 14-22 (in Chinese)

SR, EB0T. AR P R SER S BRI R BB ST [ ] A2s 3 1740, 2013,28(10) : 2284-2291

ZHANG Jianchao, WANG Suofang. Numerical study on characteristics of temperature reduction and flow loss in radial pre-swirl
system[ J]. Journal of Aerospace Power, 2013,28(10) ; 2284-2291 (in Chinese)

V. FE ARG AR B9 R TR A IR S BB T [ DL WA RTE IR /R Tl R %, 2014

LI Tao. Thermal-flow elastic coupling numerical simulations based on unstructured mesh in air-coooled turbine [ D |. Harbin:
Harbin Institute of Technology,2014 (in Chinese)

XU WOLTE DA b Y 22 3R IO RLRE BT M A S 2 AL T RO R [ D). T M AR BE TR, 2014

LIU Ruicheng. The study on surface roughness of metal parts fabricated by selective laser melting and the application on non-
assembly mechanisms[ D]. Guangzhou: South China University of Technology, 2014 (in Chinese)

SADEGH R. Evaluation of analytical modeling for improvement of surface roughness of FDM test part using measurement results
[J]. The International Journal of Advanced Manufacturing Technology, 2015, 79(5) : 823-829 (in Chinese)

BOULAND C, URLEA V, BEAUBIER K, et al. Abrasive flow machining of laser powder bed-fused parts: numerical modeling
and experimental validation[ J]. Journal of Materials Processing Tech, 2019, 273. 116262

(10] fr¥me , B S, AT . RIS A s HL G Jm g i i HoR S A I []. S il i H R ,2014(22) « 47-51

HE Yanli, LIAO Huanwen, WANG Luxiu. Manufacturing technology and equipment application of metal additive for commercial



- 340 - fiodb T ok R ¥ ¥ R %39 &

aeroengine[ J |. Aeronautical Manufacturing Technology, 2014(22) ; 47-51 (in Chinese)

[11] Hie. B AEM 2 R AU RE = PR [ J]. MZS 50 77,2018(4) : 26-29 (in Chinese)
YANG Qian. Additive Manufacturing for combustors[ J] . Aerospace Power, 2018(4) : 26-29 (in Chinese)

[12] SRISHTI J, MIKE C, BRUCE T, et al. Electrochemical polishing of selective laser melted Inconel 718[ J]. Procedia Manufac-
turing, 2019, 34. 239-246

[137] ZEpR e, R I skt BT A5 1K 5 Y0 TP AR 2 AL YA 410 1 5 G ot v ) o 42 ) PRI R P98 [ 0] S5 T2 41, 2018, 39 (4)
772-779
LI Junye, ZHOU Cengwei, ZHANG Xinming, et al. Research on the quality control factors of special-shaped surface in solid-
liquid two-phase abrasive flow polishing[ J]. Acta Armamentarii, 2018,39(4) ; 772-779 (in Chinese)

Study on high quality surface finishing technology of
pre-spinning nozzle in additive manufacturing

LIU Weiwei', LYU Qian', LEI Liming”, HOU Yanhao', SHI Lei’

1.School of Mechanical Engineering, Northwestern Polytechnical University, Xi’an 710072, China
2.AECC Shanghai Commercial Aviation Engine Manufacturing Co., Ltd, Shanghai 200241, China

Abstract : Through the simulation of abrasive flow in the inner cavity of the superalloy pre-spinning nozzle made by
additive manufacturing ,the special abrasive polishing tool is optimized and the surface polishing technology of the
inner cavity of typical structure test pieceis studied. Through comparison of the surface morphology before and after
polishing, it can be concluded that the abrasive flow has a considerable removal effect on the powder sticking
effect, spheroidizing effect, step effect, slag hanging phenomenon and residual support on the surface of parts, but
it has a limited effect on the surface pit of the substrate. After polishing, the surface roughness of the inner cavity of
parts decreasea from R, 3.1397 pm to R, 0.5805 pwm, and the surface roughness of blade position decreases from R,
4.8473 pm to R, 0.3606 pwm. Through the range analysis, it is found that the effect intensity of the processing pa-
rameters on the surface roughness of the parts is in order of the processing time, processing pressure and abrasive

particle size.

Keywords: additive manufacturing; pre-spinning nozzle ; abrasive flow; numerical simulation; surface quality
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