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Fig.10 Three-dimensional micromorphology of vertical surface with different interlayer lifts

FEATURE
pum pum
600 596
500 546
400 496
300 446
396
200 346
100 296
0 246

(¢) 0.14mm (ifEkc)

(d) 0.15mm (iked)

#3 HAHEEMNFREERERNER
Table 3 Test results of surface roughness on vertical side of samples um
. | /| |
HAERE HF a KA b I ¢ e d
R, 24.281 18.856 14.948 12.214
R, 94.861 81.392 49.122 83.702
R, 30.816 25.480 18.743 16.664
R, —-101.813 —94.606 —-41.086 —-80.290
R, 196.674 175.999 90.208 163.992
S8 21.356 18.950 18.739 20.925
S, 518.452 352.800 352.976 632.229

(a) 60°

(e) 75°

(d) 70°fuHLIE

B 1 BEZEHERMRERR
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20244655678 5 140] - B RERAR 21



L Hi

FEATURE

R,=20.394 um, Ta FL A & S,=217.457
um, BB & BN 7 A 5 B BB AR
AT B MGE I Bl TR
TN, BB 53 H0 AR B4 05 A, 175
TR AELRE B2 /)N 30 1 0 0 3% TR

5 #ig
3 3 I A A SR
[T ED S T st = 2k oI 85

3 BT AN [ B 26 1 R 132 7 A=
AR TE RV S B E 22 )R
JEBRAG B H] TAZH0T BHURE
R TR, E XA ] OB AR 1
TS, EEEEUT

(1) ARy bR MRS B 2057
AN [RVREBE RS Ry TSI, R0 SE AN AR
OV RO Lk CE Rk S e 3
R LA B BRI 5 | AT 3R
REAIX 3 Bl B0, FEBTIEAT A9 T L
B AL T A T LR RS2
R B E A R R0, B = R THE
AL A 500 A AR A Wi 26
2Bl J2 A6 THEE -5 0 3E = E P
PR, 90 BRI R ) id g
{0 58 /3 B TT A 8 4 1 B
ARHON TR 73 L 3 00 T S R, B oK
FAAERR I AR SEEIEAE, LI DR i
T B 1 BB DURE A 22 9 B R
R , SR i B 22

(2) bR arHiReS B2 3 22 h il
ATV S P A Y,
IR BREEMR AT RS T Ay
Z I f R i 227, A5 B L SR A B
JE BT, AR I T T A= (1]
6T e S S e 000 3% TR R T
DAY, 2% 18 S PR AR E B EE M)
N5 38 58 JBE =2 18] 14 22 1), 4 I =%
R JEE 4068 45 5 1 S 71 2 T ) e
AT . ARYEAT B A KA TED
BRI BRI O 2 T 75 AR A T
&, K7 1) 7% 3 E7 [0 4R T
A M BTARDIR A5 2 0 2 1 4 3
DURR, (35 TATHELAS B2 16 Tt A5 1
Gt — VA EIN LR

22 RiZEhEEAR - 2024458678 55 1410

(3) MBS & WU A3
a5 4G, 38 1R R B B B R AR 21T
HAE, X LA B R A7 e i XA
3] B 24 P 2 T HEURS i FOUM A 7R KL
o FEE TSR f1 S RO T
i 2 AR T AR A B 4
I h 0.5 mm B, 21 I 2% Hk
BEFE A 105 um;; JZ A T4 0.15
mm B, 3 N 2 ERDRE B2 oA 12.214
um ; B A BESA 60° RsH{EAHIN 2 i A
R FE TR 25 e K, My AR B R4
PR R IR ZE M R RN, MY
FARE R 65° 1)l S AR S FTER A R
THIHLAE (B R,=20.394 um, T HLKE B2
S,=217.457 um,

(4) FEARFEFTERIS I T. 25
BT B R RS B 0 5
B AR AR A — 3, SRR
BE ) BRIE T 152 22 /N T 10%, 3 1
0] e AEL RS JEE 0 5% 22 /N F 7.5%, fiil
AR 4 T REL RS JEE 00 35 22 (AN A 1ot
15%, K] It i 2445 21) i 2L T 0 A 7
AT AR T2 500 F AT,
TERERY Ti-6AI-4V 4:J& ¥ K LDM
BOEA R ARG

S £ X Wk

[1] k&=, T, SaT, 4 BotH
F i 1 4 JR 2P RO 4 F B 1k e [3]. b B
J¥, 2010, 37(1): 18-25.

ZHANG Dongyun, WANG Ruize, ZHAO
Jianzhe, et al. Latest advance of laser direct
manufacturing of metallic parts[J]. Chinese Journal
of Lasers, 2010, 37(1): 18-25.

[21 RS, w A, X, A R
FURLE AL IEXHHOL P Y TALSER & 42
AAVSVEREMIRZ ). 7 A G Jm AR AR,
2014, 43(2): 445-449.

X1 Mingzhe, GAO Shiyou, LIU Bo, et al.
Effect of scanning pattern and annealing heat
treatment on microstructures and mechanical
properties of TA15 titanium alloy formed by laser
rapid forming process[J]. Rare Metal Materials and
Engineering, 2014, 43(2): 445-449.

[3] WU X H, LIANG J, MEI J, et al.
Microstructures of laser-deposited Ti-6AI-4V[J].
Materials & Design, 2004, 25(2): 137-144.

[4] MR, BESF, IRk, 45 B i

TCIEEHAR RIS (— ) —— L
AR B, B BIE e Do HA AR ZHL[I]. 4
FHFHR, 2023, 37(8): 22100058.

LIU Chunquan, XIONG Fen, PENG
Longsheng, et al. The latest research progress of
ultra-high-speed laser cladding technology (I)—
Key technology characteristics and advantages,
equipment research and development and its
technical parameters[J]. Material Guide, 2023,
37(8): 22100058.

[6] B, RAHE, B, . XU
SCHER FBE IR 525 35 316 LAN G5 1 14 7%
W Bt K RERE). O 5 e T2 R,
2022, 59(1): 0114009.

CHEN Feng, SONG Changhui, YANG
Yonggiang, et al. Surface quality and mechanical
properties of 316L stainless steel manufactured
by powder feeding laser additive and milling
subtractive hybrid manufacturing[J]. Laser &
Optoelectronics Progress, 2022, 59(1): 0114009.

[6] %38 ARUIE, AR, 5 AT
IR XL fs NIE A 25 1316 LA 1Y
10 5T 2t R 2 PERE S I 53], P
), 2023, 50(8): 0802301.

CAl Zihao, ZHU Yonggiang, HAN
Changjun, et al. Effects of different process
strategies on surface quality and mechanical
properties of 316L stainless steel fabricated via
hybrid additive-subtractive manufacturing[J].
Chinese Journal of Lasers, 2023, 50(8): 0802301.

[7] FUJ, LI H, SONG X, et al. Multi-scale
defects in powder-based additively manufactured
metals and alloys[J]. Journal of Materials Science
& Technology, 2022, 122: 165-199.

[8]1 TIL, T2rHm, BEhe, 4. BEXHOE
JE 4 2 AF IS AL PR WF S HE R[], AR
3412, 2022, 36(Z1): 22010033.

YU Jiang, DING Hongyu, GENG Yaoxiang,
et al. Research progress on post-processing of
metal parts by selective laser melting[J]. Materials
Reports, 2022, 36 (Z1): 22010033.

[91 wifi, Al E5F. Az B4 il i
S 2R S R R TR I TR ARBIE T Kt e 3],
fiashiliE A, 2019, 62(9): 14-22.

GAO Hang, PENG Can, WANG Xuanping.
Research progress on surface finishing technology
of aeronautical complex structural parts manufactured
by additive manufacturing[J]. Aeronautical
Manufacturing Technology, 2019, 62(9): 14-22.

[10] ZHU G X, LI D C, ZHANG A F, et
al. The influence of laser and powder defocusing
characteristics on the surface quality in laser direct
metal deposition[J]. Optics & Laser Technology,
2012, 44(2): 349-356.



o DL
L
FEATURE "

[11] KULKARNI P, DUTTA D.
An accurate slicing procedure for layered
manufacturing[J]. Computer-Aided Design, 1996,
28(9): 683-697.

[12] MAJHI J, JANARDAN R, SMID M,
et al. On some geometric optimization problems
in layered manufacturing[J]. Computational
Geometry, 1999, 12(3-4): 219-239.

[13] ALIMARDANI M, FALLAH V,
IRAVANI-TABRIZIPOUR M, et al. Surface finish
in laser solid freeform fabrication of an AISI 303L
stainless steel thin wall[J]. Journal of Materials
Processing Technology, 2012, 212(1): 113-119.

[14] TAN H, HU G, ZHANG F Y, et al.
Formation mechanism of adhering powder and
improvement of the surface quality during laser
solid forming[J]. The International Journal of
Advanced Manufacturing Technology, 2016,
86(5): 1329-1338.

[15] GHARBI M, PEYRE P, GORNY
C, et al. Influence of various process conditions
on surface finishes induced by the direct metal
deposition laser technique on a Ti-6Al-4V alloy[J].
Journal of Materials Processing Technology, 2013,
213(5): 791-800.

[16] GHARBI M, PEYRE P, GORNY C,
et al. Influence of a pulsed laser regime on surface
finish induced by the direct metal deposition
process on a Ti64 alloy[J]. Journal of Materials
Processing Technology, 2014, 214(2): 485-495.

[17] GRADL P, CERVONE A, COLONNA
P. Influence of build angles on thin-wall geometry
and surface texture in laser powder directed energy
deposition[J]. Materials & Design, 2023, 234:
112352.

[18] ZHANG B, ZIEGERT J, FARAHI F,
et al. In situ surface topography of laser powder
bed fusion using fringe projection[J]. Additive
Manufacturing, 2016, 12: 100-107.

[19] STRANO G, HAO L, EVERSON R
M, et al. Surface roughness analysis, modelling
and prediction in selective laser melting[J]. Journal
of Materials Processing Technology, 2013, 213(4):
589-597.

[20] GRUBER S, GRUNERT C, RIEDE
M, et al. Comparison of dimensional accuracy and
tolerances of powder bed based and nozzle based
additive manufacturing processes[J]. Materials
Science and Engineering: A, 2022, 833: 142516.

[21] #&&1H. AICUSMNCdVA 414 4 iy

O IF B BE T B FE[D]. 2RI
TR, 2018.

HU Zhiheng. Study on melting behavior of
AICu5MnCdVA aluminum alloy by laser selective
melting[D]. Wuhan: Huazhong University of
Science and Technology, 2018.

[22] K&V RAH, TIOK, % sk
R DO A O 3 TR A P82 T 00 A 42
JrikArgE ] W RO, 2022, 49(2): 0202008.

SONG Jianfeng, SONG Younian, WANG
Wenwu, et al. Prediction and control on the surface
roughness of metal powder using selective laser
melting[J]. Chinese Journal of Lasers, 2022, 49(2):
0202008.

[23] XAk, A0, . gLk
ARG AL 5 J 25 1 3 ML R B AT 5], 3
SR, 2013, 37(4): 425.

LIU Ruicheng, YANG Yonggiang, WANG
Di. Research of upper surface roughness of metal
parts fabricated by selective laser melting[J]. Laser
Technology, 2013, 37(4): 425.

[24] RIOS S, COLEGROVE P A,
MARTINA F, et al. Analytical process model for
wire + arc additive manufacturing[J]. Additive
Manufacturing, 2018, 21: 651-657.

Research on Surface Roughness Prediction and Control Method of Laser
Deposition Manufacturing Parts

YANG Guang', LI Xintong", WANG Yushi*, REN Yuhang’, WANG Xiangming®
(1. Shenyang Aerospace University, Shenyang 110136, China;
2. Key Laboratory of Fundamental Science for National Defense of Aeronautical Digital Manufacturing Process,
Shenyang Aerospace University, Shenyang 110136, China;
3. AVIC Shenyang Aircraft Design and Research Institute, Shenyang 110035, China)

[ABSTRACT] Aiming at the problems of high surface roughness, poor forming quality, and post-processing such as
machining after printing of laser deposition manufacturing (LDM) formed parts, the forming platform is built independently
to print thin-walled parts with different inclination angles by using the process method of “small spot, small layer thickness
and small powder particle size”. Based on the principle of layered slicing of additive manufacturing, the theoretical surface
roughness prediction model of typical thin-walled parts under different geometric characteristics is given. On this basis, the
control strategy of surface roughness of laser deposition manufacturing parts is proposed. The results show that it is feasible
to obtain the prediction model of the mathematical model by rotating and translating the surface roughness prediction
model of the component by combining the fusion lap with the step effect. The main parameters of the roughness prediction
model are the fusion lap offset, the interlayer lift and the tilt angle. When the fusion lap offset is 0.5 mm, the upper surface
roughness of the part is 10.5 um. When the interlayer lifting amount is 0.15 mm, the surface roughness of the vertical side
is 12.214 um, and the theoretical error of the surface roughness of the inclined side with the forming angle of 60° is the
largest. The powder adhesion phenomenon is the main reason for the large error.
Keywords: Laser deposition manufacturing (LDM); Ti—-6Al-4V; Thin-walled parts; Surface roughness; Prediction model
(i *%)
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Research Progress on Biomimetic Sandwich Structures of Lightweight Composites

CAO Zhongliang, YANG Sixin, ZHU Hao, GU Fuwei, HU Kejun
(Jiangsu University of Technology, Changzhou 213001, China)

[ABSTRACT] Lightweight composite sandwich structures consist of thin and strong panels and lightweight porous cores,
and diversity of their core structures drives the development of sandwich structures. In nature, various types of organisms
have formed the most suitable biological structure for their survival and reproduction during the long-term evolution
process, in which the high-strength structure has inspired researchers to carry out biomimetic design of sandwich structure
cores. In this paper, research status of biomimetic core structure of water animals, land animals, flying animals, as well
as plant fruits, roots, stems, and leaf veins is reviewed, and design concepts of biomimetic composite sandwich structure
cores and topologies are described. The improvement of mechanical properties of bionic composite sandwich structure and
its application in related engineering are introduced. Finally, based on the current development status of bionic composite
sandwich structures, scientific challenges are presented and outlook is given.
Keywords: Composites; Sandwich structures; Bionic structures; Mechanical properties; Topology structure
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K250 A2B1CLDAES, RIS Kkt 7 26 8 17 5 6 1516.01 4223
26 1~ G I 6 mm i 2k 14 8 26 9 16 6 5 1518.31 42.18
mm FREE 8 4~ IR SEEE 7 mm. 9 27 6 16 8 6 1498.46 4356
- 1:;% ?gﬂi@%i?%i%gi 10 27 7 17 7 5 1510.43 4255
4 s = ) 7
e T e et R A S B B N i
28, Kl 15 i . &b, 4520k = 2 ° r ° ! 1909:99 4230
RS e y 1539.71 KN, 13 28 6 17 6 7 1508.51 43.10
S R BT 6t 34.9 kg 24 it 14 28 7 16 5 8 1509.91 42.90
B LU 44.12 kN/kg, mE 16 pis, 15 28 8 15 8 5 1510.22 42.78
A5 AR TR 28 fap A 38 F 1 38 50 16 28 9 14 7 6 1500.77 42.40
ZH Y F- 24 28 17 14 T 38.62 kN, HL
S B L LT S i e 411 1.24 RO MENIE
kN/kg ’ Iﬁ] Hﬁ}ﬂii*ﬁﬁ?ﬂf?ﬁﬁtgﬁ?ﬂ Table 6 Range analysis table
HPFR TS T 0.3 kg 2R LE#K % YW A | HYWEEB | H&HEC | HHKED | FHTEEE
DAL IR BB B AT B4 I 25 A 2 5L K, 171.15 174.60 173.25 171.33 171.42
AE AR EILT AT TR K, 172.27 172.60 172.43 171.70 17151
s K, 17150 170.50 171.02 171.35 171.63
4 ﬁ ggﬁgﬁﬁﬁ'ﬁm# K, 171.17 168.39 169.40 171.71 171.54
P — k, 42.79 43.65 4331 42.83 42.85
A1 i k, 43.07 4315 43.11 42.92 42.88
B LT b TR 25 g H R Gy ks 42.88 42.62 42.75 42.84 42.91
VoA ) TR ST g Y K, 42.79 42.10 42.35 42.93 42.88
R 0.28 1.55 0.96 0.09 0.05

A3 AT BRI AR AT 52 4= (]
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Fig.17 Silicone rubber-metal combination
mold
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Fig.18 Partial diagram of rib and end frame
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Fig.19 Schematic diagram of curing process
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Optimization of Grid Structure of Carbon Fiber Resin Matrix Composite

Rotary Body

WANG Xianfeng, LIN Guojun, LI Xingze, LIU Hao
(Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

[ABSTRACT]

In this paper, the grid structure parameters of complex rotary body are optimized, with the maximum

load-mass ratio as the optimization objective and the geometric parameters and number of ribs as the design variables,
the evaluation index of load bearing efficiency of the model structure was determined, and the single factor analysis was
carried out by using the buckling analysis of ABAQUS. The number of longitudinal ribs, width of longitudinal ribs and
height of longitudinal ribs have significant effects on the model’s bearing efficiency. The number and width of ring ribs
have a low influence on the model’s bearing efficiency. The factor range for orthogonal test is obtained by analyzing actual
manufacturing conditions. The orthogonal table L,¢(4°) is designed by using the principle of orthogonality in mathematics.
An orthogonal test scheme suitable for complex grid structure is designed. Through numerical simulation, 16 groups of test
results were obtained, and the test results were analyzed by range analysis. It is found that the order of influence degree of
each factor on the target value is: Longitudinal rib width > rib height > number of longitudinal rib > number of ring rib > ring
rib width, and the optimal parameter combination is obtained. Finally, the optimal parameter combination is verified by
experiment, and the difference between the theoretical value and the actual value of the maximum load of the rotary body
using the optimal parameter combination is found, and the reason of the difference is analyzed.

Keywords: Grid structure; Buckling analysis; Bearing efficiency; Orthogonal test; Automatic laying
(Vi * %)
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IS AKX : F8, AR 7, KR, F. TIAl b4 1169 H AL 28 20 28 # I [J]. A5 #0283 R, 2024, 67(14): 51-58.
YU Wen, XU Yongdong, ZHU Xiurong, et al. Mechanisms of microstructure control using heat treatments of TiAl alloy
castings[J]. Aeronautical Manufacturing Technology, 2024, 67(14): 51-58.

TIAIS &85 R Hhab IR A LA HLET

% ll.‘.\l!fl%ﬂ{/ \1,ﬂ§§%l,£{§}[_2,ju El,'ﬁ- Elsiﬁ-ﬁiil;é 'EF-Sll!ﬁ%{ﬁNul,E $l
(1. PEEBHFHRRT RS, Tk 315103;
2. b7 T X%, db% 100081)

[ZE] TIAl 5244 AMTH K, e R AR AR B £, LR it a2 i 52022, F A OM #= SEM #F
% T Ti47Al-2Cr-2Nb &2 45 R A B LA 2008 THAE, AL 2 T N E AL BARKAAE LY, ST S
Ak, BT T wALLIE . 4R KA, 1185 °C/6 h/ W A A LR AL 32 = 1185 C/6 h/ ¥ A+1330 °C/0.25 h/ ¥ 438 K
LRI T R A S MR A R F 4k 75.51% A= 40.21%., WAL LR # A 22 5 b AL AUk 2 8 R OE A &k
MR K2y S k3T W R4S ML K 89 1 B d ke, Y S AR B R H b A TB AR R T Al LRt fe v B EE G440
R BRI A AU o EARR AR K AT Yo K, BIRT RISH K K BB k. b
Y shAT o dhE R KA ATIE R AL AH )G T s 0 | B s A R 400

EEEF]: TIAL A4k, AT, AL, iE P B, Bikdmit
DOI: 10.16080/j.issn1671-833x.2024.14.051

® B

BEERRR G, H L, AR EA TiAl
E£BRXAMBERHEER BRHE
LR RELEI N TR,

TiAl 5a %M Y HsrE e P
YA O E e U R RE I S, 1
700~900 C 4514~ ] 3 or BRAC R I
e il 15 4 R 1 32 e R e LRI
JE R R B 2 A 23 i K 40
Fg s gkl
TiAl & & AN MEPE SR 2% P 1k
B8R IEI 1S TIAL A 4 G5 R0 2
F Bt R, BT TiAlL & 4 TEEE[H
SRRV AR R, B S UMLK
FIAER TR AL ) 4 R )2 414, i 414t
S ARG IR 25, 20T o A G
HE 7401k, TiAl & 4 i HAb B T
7 CINFEFR AL B ) 38 8 T B e et
VR SIS e T e AL 3L, SR 5 P2
1 ZRPEHPAL B & H A R AE R
FRAb FHLIA) T 77 ) £ Uk U0 R B
B R VAN YK+ [l ek ]
RCAAE TR ® K+ 6 B AL B O

TAE R REK S & EeR e H
A R G U e S B N v
SRR T 8558 M AR BE R H T 55 FBR
PE, HEEC TR TiAL & &850k
HAURFREEE T 2580, HXHE 4
Ay BRI A I B, 262004 TiAl &
G B A A T A 2R A A A kL
LML A TIRABESE , AT N TiAl
B A HE PR T 2 AR s R R 6
PEFEE T S

B AR I TiAL & 4 76 A [ iR
JF X 8] A7 P4 BEOAT L AR A 4 F
A R 20 B R T o AR
» T, VA A4 2 (Fully lamellar,
FL) 204 T, LA R 10~20 °C (3L A
J2 ( Nearly lamellar, NL ) 2H%1; T, L)
N 50 CHYRLE (Duplex, DP ) 44 ;
I T b 4% A8 55 T, 93 v ((Near
gamma, NG ) 4141, Hr, DP #il NL

* BETE: il SR R T 5 S22 564 (6142902220104 ) 5 T HEHE A1 2035 FA LT (20242104 ),
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Mechanisms of Microstructure Control Using Heat Treatments of
TiAl Alloy Castings

YU Wen', XU Yongdong', ZHU Xiurong', WANG Junsheng’, LIU Chen', FU Yu',

WANG Yinyang', LI Lei', HAN Jungang', WANG Yu'
(1. Ningbo Branch of Chinese Academy of Ordnance Science, Ningbo 315103, China;
2. Beijing Institute of Technology, Beijing 100081, China)

[ABSTRACT] The as-cast microstructures of TiAl alloys have low strength and poor plasticity due to their coarse
grains, and they must be refined by heat treatment. The microstructure evolutions of Ti—47Al-2Cr-2Nb alloy castings after
different heat treatments were studied using OM and SEM. The heat treatments of duplex (DP) and nearly lamellar (NL)
microstructures were optimized and established, which realized the grain refinement. The mechanisms of grain refinement
were revealed. The results show that the DP microstructure heat treatment of 1185 “C/6 h/furnace cooling and the NL
microstructure heat treatment of 1185 °C/6 h/furnace cooling + 1330 °C/0.25 h/furnace cooling can refine the as-cast grain
size by 75.51% and 40.21%, respectively. The grain refinement mechanism of DP microstructure heat treatment is that a
large number of y grains precipitate inside the lamellar colony grains and break the original coarse lamellar colony grains.
The nucleation of y nuclei in the lamellar colony grains comes from Al element segregation and continuous coarsening of y
lamellae. The grain refinement mechanism of NL microstructure heat treatment is that the y—o transformation takes place
in the o single phase region for a short time which destroys the original coarse lamellar colony grains, and the equiaxed y
grains can pin the growth of o grains, so that the lamellar colony grains formed after cooling are smaller.
Keywords: TiAl alloy castings; Heat treatment; Duplex microstructure; Nearly lamellar microstructure; Grain refinement
(T * %)
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Fig.2 Typical structure of hat stiffened panel
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Table 1 Two types of hat stiffener sizes
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ERANIES L,/mm L,/mm L/mm
NIES 16 50 46
UNIES 16 18 26

L,/mm Ls/mm R,/mm R,/mm
56 3 7 3
26 3 7 3
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Process Design and Verification of RFI Integrated Molding of Composites

Hat Stiffened Panel

YANG Longying, LIU Zhijie, LIU Yangyang
(AVIC Chengdu Aircraft Industrial (Group) Co., Ltd., Chengdu 610091, China)

[ABSTRACT] Resin film infiltration (RFI) process is a widely used integrated manufacturing technology in composite

material molding, which is very suitable for manufacturing large, reinforced, and complex aviation structural components.

This article selected a typical composite hat stiffened panel, completed the integrated design of the fixture structure and

process flow, and simulated the resin penetration process under different resin film positions and curing pressures. Based on

the simulation results, reasonable resin film positions and curing pressures were selected. Finally, process experiments were

completed according to the selected scheme, and the apparent quality and non-destructive testing of the typical parts were

qualified, verifying the effectiveness of RFI integrated design and simulation analysis for hat stiffened panel.

Keywords: Composites; Hat stiffened panel; RFI integrated molding; Process design; Simulation; Liquid molding of composites
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1 —HLEHERFER Model Y BERIR
Fig.1 Integrated die casting of Model Y rear underbody panel
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Table 1

UiES AR

Alcoa C611 EZCast™ 370
Rheinfelden Castasil 37 AlSi9MnMoZr
Magna Aural 5 374
Magna Aural 6 375
FEHTRL Tesla Alloy1

FEUTHL Tesla Alloy2
Al-Si & FETHE Tesla Alloy3

IR Al-Si-Mn-Mg-Re 5

SrHAER] Al-Si-Mn-Fe

EEK R Al-Si-Mn-Mg 3
AR IDAL
Alcoa C446F 560
Alcoa 560.1
Alcoa A152 560 M ik
Alcoa A153 560 Hiiit i

Rheinfelden Magsimal 59 AlIMgsSi,Mn
Al-Mg &

Rheinfelden Magsimal Plus AIMgeSi,MnZr

Rheinfelden Castaduct 42 AlMg,Fe,

Rheinfelden Castaduct 18 AlMg,ZnsFe,
3B KA JDA2b AlMg,Si;

F¥E2EH K% IDA2 AlMgs

HVLFR Y. BA T, RIAEE N 3
mm B, R A 4 04 AR R 2
130 MPa, 125 /1 /02528 20°,

I 2R 1 & 2015 4F & S T Y
Al-Si-Mn-Mg-Re R JE#40H 4, T
2% T BN TE R 17 < 0.05%),
HisE e mn s <0.15%. %484
LA = I, O AT T6 A
ALBR FEREAS T rI 3545 R 20k
e, IR E S IR T 2R, K
BEJR A 4 mm, 5535 R AR 8
=230 MPa, Jift I 3 i = 150 MPa, {Hi
KE=6%, i =75HB, ZHaH
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Chemical Composition of some non-heat-treatment aluminum alloys

HATeR (B0 1%

Si Fe Cu Mn Mg Zn Ti Sr HAth Al
6.0~9.0 = <0.15 — 0.4~0.8 | 0.15~0.3 — <0.10 0.01~0.03 — &
85~105 0.5 0.05 |0.35~0.6  0.06 0.07 0.15 | 0.006~0.025 Mo, Zr | 4
6.5~8.5 | 0.1~025| 002 | 035~07 0.1~04 | 0.03 0.15 0.01~0.015 — &
95~11.5 | 0.1~025| 0.2 | 0.3~07 0.15 0.03 |0.04~0.15 | 0.01~0.015 — TS
6.5~7.5 | <04 | 04~08  035~07 0.1~04 — <015 |0.015~003 V,Cr | &
6.0~11.0 | <05 | 0.3~0.8 | 0.35~0.8  0.15~0.4 — <015 |0.015~0.05 V,Cr | &
6.0~11.0 | <05 | 0.3~0.8 0.35~08 0.1~04 — <015 |0.015~005 V,Cr | &
75~85 | <015 | <005 | 03~04 | 02~03 — <010 | 0.01~0.02 Re 7S

Ni, Sn, Pb,

Ca, Cr, Na,
9.1~100 <015 | <003 |[0.35~0.6 <006 | <005 |0.06~0.15  0015~0.025 PCd,Li, | 4

Zr, B, Hg,

Mo
9.0~11.0 | <0.16 05~0.8 | 01~05 |1.0~3.0 — <0.0004 Re &
8.0~10.0 <02 |0.05~05| 0.5~0.8 | 0.1~05 — 0.05~0.2 | 0.01~005 | V,Re | 4%

0.25 0.2 — 11~14 | 2.8~36 0.05 0.15 = = R
0.25 0.15 — 11~14 | 2.85~3.60 0.05 0.15 = = v
— — — — 3.0 — = = — &
— — — — 4.0 — — = — v
1.8~2.6 0.2 0.03 | 05~0.8 | 5.0~6.0 0.07 0.2 — Be P
— — = = = = = = = R
0.2 1.5~1.7 0.2 0.15 4.1~45 3.0 0.2 — Be R
0.2 15~17 0.2 0.15 41~45 | 33~36 0.2 — Be,Cr | &
2.0~3.6 = — 0.6~0.9 | 6.0~8.0 — | 015-~02 = B CaV | &
Zr,Re
— — 05~15 | 0.6~0.9 | 45~75 — 0.1~0.2 — Be,Re | &%

B TH 4R AR R 28 22T A
FHETFRAF 3, ol R
ey AT R . LK 4E 2019 4F
KW TIF I AL-Si-Mn-Mg % JE 45
Al i AT E Zn, IR
FH Srl % 22 A AR AR B, fE8E S
AT ARAS IR B A 160 MPa BT
5% I 3K 270 MPa, ZEf{1 3R 3K 7%, 57
i 4E ] 2020 4 & AR A 4,
712 M RE BT LIk BT P58 JE =220
MPa. Ji Il % B =110 MPa ., fifl & %
=12%, ¥ H W TR W5t
I AT —RBERE Y . I ACiE KA

e Rk Al I AN ot N AL €54
H A2t ZAERL R BT & 2 Fif
B4R R 3L 5 SR A kb B
RS 4R RE, IDA JEH A 46
RHEFES R BRI AT IR B0 5 10 24k
fiE. JDAL & 4B W Ry TR
B R A4 LR ARk Az
S5k E. IDALD &4 T HAL R
AR Y 32 AR N T — 1Ak
KB kR, IDALe A4 T HE
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Table 2 As-cast mechanical properties of some non-heat-treatment die casting aluminum alloys

e PR Y AR, e A
T BT AURAE TR L RS
FH AN AR 1B HHOC R F

Hdhr aeam T e R R OB e
<2 >220 >300 10~15 TE— R 8 T2 X T L
24 160~220 | 310~340 12~18 BLELRN G 4 4RI 58 AP AR 2L K
Magsimal 35 4~6 140~170 | 250~320 9~14 AT S BRI, i A2 B o i
61 120-145 | 220-260 61 TR Ay P R R IR
- 070 | 3103 o 1s PELIMA LN g, =R Tk
Magsimal Plus ﬁ%{fﬁﬁi\)ﬁ H{l‘*ﬁﬁ‘%&t_ﬁj}]ﬁﬁo
Rheinfelden 4~6 160~200 | 280~340 9~14 FE 65 L 3 B R 4 1 SN AT
2= e e =1 4325, TR I B AU 55 0 an &

Castasil 37 3-5 100~130 | 230~280 10~14 3 .
5~7 80~110 | 200~250 10~14 E 25 e v o) 2 ) L A
9-3 125-135 | 245-265 11-15 K B il 3 IR R B 14 4% U T I 1)
Costaclict 42 3~4 120~130 | 245~265 12~16 AR IE o 5220 AT T ) i R
,s P - e FEFHILR A A A, J1 SR
C611 EZCast ™ KIAEOH T RA— R P A
< 129 268 102 7 WA T 6000 t /AR
Alcoa CA46F 3 150~156 | 262~274 | 17~23 S5 HLL BIS SUBEE] 9000 t JEE5HL.
A152 EZCast-NHT™ — 142~150 267~283 14~17 20224 9 A, B 5 A m K
A153 EZCast-NHT™ — 160~175 | 250~290 | 7.5~17 B A RS w3 [FHE AR T 4 71 3]
Magna Aural 5 = 122 262 11.83 12000 t, b i & AU R 45 AL 40 a4
Tesla Alloy] _ - _ _ AR AR BT 1 Eh R
FE L Tesla Alloy2 = =130 = = 2 A ER BB A
[FIRERI S, B BRI F AR T
festa Alloys - — - - B S 3 i T RIBERR 45 H 19 8400
I HRRE - 4 G — - t i1 9200 t 1y Carat 840/920 k[
g - - =220 =110 =12 L, Pz AN wl B sl i T
AR — — 160 270 7 7000 t R L, HT 2022 4 58 1
JDAL — 180~200 | 300~330 6~8 79000 t FEEEHLINAE A TAE. K
JDALD = 130~150 | 260~300 | 12~15 BB T HDC RIIKALS
R JDALc = 220~250 | 300~350 4~6 = IRFHL, BB B 1180~ 8800
IDA2a — 160~180 | 300~320 15~20 IF 4 2022 4 9 HB AL 1 HDC
8800 t LI FIT, #R4r KK

IDA2b — 220~240 | 360~400 10~15

L AR SE N 4 PR
32 —LIEHER

BN FH IR IEF A i L 5 e =
it 98 57 I A EESK 5 53 4k IDA2 1k
RA A AETE MR A JERE RSN, 76 KR
VR 4 Y R (AT PRS2

3 —HiLEHTENAR
IR PERERY R S A, R R
PG TR, P R A

R ASAR MG 1, — AL P55
Lo T AR ok 1 A& Gl it T ik
ML T8 AR - A MRS 20,
31 —EUEHI
RISy — A R e 2R
PRI TR RE B R B B
A I 18 E MRS JEE , DRSE T 2B 7™ A2
FRBEA o BERAEy— AL R i

— R R AR B 2% RS
K REJEANI 5] RS b R S
PR, 1 N — Al R 5 R L T AR PR EE
By GEH Ik, T AR 22 2 i oh
A, PRt — A A s B4R L o T
JEE K il 3 PR S, HLsE T sk AR
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PrlFBR, NIl P R G b e 2t
B EAINAAFNS HN R G, AR IR
AT D A R UBERI A 2% T 5
TR TR, — R R S
HA RIS R, A I R W
PRI PR IAAEE TR BT R A

BEK MR A, — b RERE
W AR R 5CrMnMo . 5CrNiMo
4CrNi4Mo .4Cr3Mo3SiV #l 3CrweV
SEPAERLELAY PO,

LT R 0 R RSN AR T
KAV B 250 SRIEAR L. 41T
Mg BHERAR A BR 2 Al o 4
TR, )N IR s R B Lk 55
B R TR LA P2 il 322
FRIAREE T b — 204 T = i
JiT f, P8/ R AR R R A AR,
AL B AT b YA L 3 2R

F3 KEEHIHHIERL

Table 3 Development status of large die-casting machines

Bk T FEFEHLF I 1E B
3000~4000 {22 % LEAP3500T, K428 HDC 3500T
4000~ 6000 K48 HDC 4500T, F1£h 4500T, fii#} Carat 440, ffi## Carat 560
6000~7000 | 1347 6000T, J1%h 6000T, J13) 6800T, K 4: /@ HDC 6800T, 7i#) Carat 610
7000~8000 [z % LEAP7000T, i} K4: & HDC 7000T, Jj£)j 7000T
8000~ 9000 R4 )% HDC 8800T, Aii )y Carat 840
9000~12000 itz % LEAP900OT, /)% GigaPress 9000T, it Carat 920, 1% 12000T
F4 BHKRBEEHNHARASH
Table 4 Technical specifications of some large die-casting machines
BSOS | GIEIAN | EEDIAN | TR | ARG | LT
HDC 2500 25000 1700 140~180 31.7~52.5 6250
HDC 3000 30000 2110 150~190 41.4~66.4 7500
HDC 3500 35000 2410 160~200 52.8~82.5 8750
HDC 4000 40000 2500 160~200 60.3~94.2 1000
HDC 4500 45000 2500 180~220 76.3~114 11250
LEAP 4500U 45000 2800 160~220 60~ 114 11250
LEAP 5000U 50000 2800 160~220 60~ 114 11250
LEAP 6000 60000 2920 210~250 110~ 156 15000
LEAP 7000 70000 4000 220~260 128~180 17500
LEAP 8000 80000 4800 250~300 193~278 20000
LEAP 9000 90000 5340 250~300 193~278 22500
Carat 560 56000 4295 170~240 64~128 14000
Carat 610 61000 4295 170~240 64~128 15250
Carat 840 84000 5412 200~300 105~236 21000
Carat 920 92000 5412 200~300 105~236 23000
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3D-strutturale-finale-8-tradizionale

Temperature/C
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422.0
355.0
288.0
221.0
154.0
I 87.0
20.0

-5 Step No/time step:
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Simulated time:
10.9939 s

Percent filled:
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Fraction solid:
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Fig.2 Simulation results of integrated die casting filling process
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3 Magma TR ER A S TRAsIE R )
Fig.3 Simulation results of defect

distribution predicted by Magma software”
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Progress in Integrated Die Casting of Aluminum Alloys

TAN Yunxiang', MA Juhuai', ZHAO Haidong”®, XU Qingyan"
(1. Key Laboratory for Advanced Materials Processing Technology, Ministry of Education, School of

Materials Science and Engineering, Tsinghua University, Beijing 100084, China;
2. South China University of Technology, Guangzhou 510640, China;
3. National Engineering Research Center of Near-Net-Shape for Metallic Materials, Guangzhou 510640, China)

[ABSTRACT] Aluminum alloys, known for their low density and high specific strength, are widely used in aerospace
and automotive lightweight applications. Integrated die casting enables the production of large, complex, thin-walled
castings, effectively aiding in weight reduction and range extension for aircraft and automobiles. This paper provides a
comprehensive review of the development of large integrated die casting for aluminum alloys. It analyzes the compositional
design of non-heat-treatment aluminum alloys and highlights the characteristics of the developed alloys. Additionally, it
introduces the progress of domestic and international development of large integrated die casting machines and molds.
The current state of numerical simulation research is summarized regarding mold filling, solidification, defects prediction,
microstructure, thermal stress, and fatigue life prediction of integrated die casting parts. The paper concludes with a
discussion of future developments in integrated die casting technology.

Keywords: Integrated die casting; Non-heat-treatment aluminum alloys; Die casting machines; Numerical simulation
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ZHANG Qun, ZHAO Jlanshe, ZHANG Changhao, et al. Research on stability of electrochemical trepanning machining
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Research on Stability of Electrochemical Trepanning Machining Process for Narrow Channel
Integral Impeller

ZHANG Qun"? ZHAO lJianshe"?, ZHANG Changhao?, WANG Zhongheng"?, LIU Shihao"?
(1. Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China;
2. JITRI Institute of Precision Manufacturing Co., Ltd., Nanjing 210016, China)

[ABSTRACT] The integral impeller with uniform-section blade is widely used in engines of aerospace and weaponry.
The electrochemical trepanning machining has obvious advantages in decreasing the machining cost and improving the
machining efficiency of uniform-section blade. In order to solve the stability problem in the electrochemical trepanning
machining process of narrow channel integral impeller, the composite cathode and tooling fixtures with closed flow field
were designed innovatively, and the electrochemical machining verification test was carried out. The results show that the
composite cathode can effectively solve the instability problem caused by the large difference between the vane spacing
of the blade tip circle and the blade root circle. The closed flow field improves the distribution uniformity of electrolyte
pressure and electrolyte velocity in the machining region. The surface quality of blade is high, and the machining process
is stable, which lays a technical foundation for the high quality and efficient processing of the narrow channel integral
impeller.

Keywords: Integral impeller; Electrochemical trepanning; Composite cathode; Process stability; Narrow channel
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Fig.2 Schematic diagram of electrochemical trepanning machining
for adjacent blades on integral impeller
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Effect of Phosphate Composition on Mechanical and Dielectric Properties of Quartz
Fiber-Reinforced Phosphate Composites

LI Jin', HE Peigang’
(1. AVIC Helicopter Research and Design Institute, Jingdezhen 330001, China;
2. Harbin Institute of Technology, Harbin 150001, China)

[ABSTRACT] The effects of P/Al ratio and Cr/Al ratio on the phase composition, microstructure, mechanical properties
and dielectric properties of quartz fiber-reinforced phosphate composites were investigated. The results show that the
phase composition of the phosphate matrix is mainly composed of Berlinite phase, low-temperature quartz type AIPO, and
unreacted 0—Al,0;, and the composition ratio and microstructure of the matrix phase are influenced by the P/Al ratio and Cr/
P ratio. When P/Al=4.1 and C1/P=0.04, the composites have the best mechanical properties, with tensile strength of 108.6
MPa, bending strength of 135.3 MPa and fracture toughness K. of 6.6 MPa - m*?, and the composites exhibit the plastic
fracture characteristics of weak bonding interface. It is analyzed that at this time the matrix contains more Al(H,PO,), phase
with good bonding properties, and the matrix exhibits a smooth planar-like structure, which is conducive to the formation
of a complete and continuous good interfacial layer between the matrix and the fiber. In addition, the dielectric properties of
the materials are greatly affected by the Cr content, except for Cr/P=0.08 materials, the dielectric properties of the prepared
materials can meet the performance requirements of high-temperature wave-transparent materials, and have a broad
application prospect.
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Fig.7 Mechanical properties of fiber-reinforced phosphate composites with different P/Al ratios
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Structural Design, Manufacturing and Verification of Composite Material Wing Beam for
Solar-Powered UAV

QI Zhaohui*, ZHU Shengli*, YANG Dianguo', WANG Xiaoyang"*
(1. AVIC The First Aircraft Institute, Xi’an 710089, China;
2. Northwestern Polytechnical University, Xi’an 710129, China)

[ABSTRACT] Solar-powered drones are equipped with wings that possess typical characteristics of low wing loading,
high flexibility, and high aspect ratio. As the main load-bearing structure of the wing, the wing spar has very strict
requirements on its load capacity and weight. The key technical issues in the research of solar-powered drone spar structures
were how to improve the load efficiency of the spar structure, achieve a comprehensive balance between load capacity and
weight, and realize the integrated design and manufacturing of large-scale composite material spars. This paper proposes
a fast structural configuration selection and optimization design method for the composite material spar design of solar-
powered drones. This method determines the design parameters by calculating the load capacity of the spar cross-section,
and considers the ply symmetry, strain constraint, and stability constraint at the same time. It can avoid building a full-
scale finite element model and performing iterative calculations at the scheme stage, thus improving the design efficiency
of the spar structure. Secondly, for the large-scale composite material tubular spar structure, a dedicated molding method
is proposed, which realizes the integrated manufacturing of the spar and ensures the quality of the molded parts, providing
a reference for the manufacturing process of similar large-scale composite material structures. Finally, a static test of a
2 m-scale tubular spar is carried out, and the strain results of the typical cross-section are within 10% error of the design
results, verifying the applicability of this fast optimization design method.

Keywords: Composite materials; Wing spar; Solar-powered UAV; Structural design; Finite element method; Lay up
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Fig.3 Cross-section diagram
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Table 1 Elastic parameters of single layer composite

o pl
b7y (kg/m®) t/mm

W3021 1560 0.21 59600 | 64100 | 0.058 3780

E,/MPa @ E,/MPa i G,,/MPa

M40 1600 0.145 | 201000 | 7940 | 0.274 3880

LE: p NEERE; UNJREE s w MIARA L By B, 0 1.2 J7 [ B4
FAE; Gy, 12 N Y BT DA i

R2 FREEZTEMBEEENZIREEN
Table 2 Equivalent elastic engineering constant of aramid paper
honeycomb core material

E,/MPa = E,/MPa G,,/MPa

E;/MPa Haz Haz Moz
1 1 148 0.37 0.01 0.01 3.6

T By R 3 U7 I FBAS L 5 paay s s 5390120 12,13 23 THIPI Y
AR
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Table 3 Lay up library

t/mm MR ()

1.87 +45/0/90/-45/45/0/0/45/—45/90/0/+45

1.58 +45/0/90/—45/0/0/45/90/0/+45

1.435 +45/0/90/—45/0/45/90/0/+45

1.29 +45/0/90/—45/45/90/0/%45
1 +45/0/90/90/0/%45

0.855 +45/0/90/0/+45

0.71 +45/0/0/%45

0.565 +45/0/+45

0.42 +45/+45

0.21 +45
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Table 4 Calculation result statistics

JELEEt/mm AU RLE /MPa T/ (105N + m?)
1.87 80986 23.170
1.58 90333 21.836
1.435 79150 17.377
1.29 65454 12.918

1 73778 11.287
0.855 83411 10.911
0.71 90884 9.8722
0.565 62178 5.3747
0.42 13560 0.8713
0.21 13560 0.4357
W RS 5]
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Table 5 Related parameters of material failure MPa

ENCETANE I E AN N VS VA NG D)
FHERIE | HSREE | gEBmIE | gERRE | DIRREE | DIRJE

W3021 780 771 633 654 75 75

Ees

M40J 2316 41.7 1281 154 76.8 76.8

T/ (10° N+ m?) M/ (N - m) M,/ (N - m)
8.2214 57924 20553
7.7481 54590 19370
6.1659 43442 15415
4.5837 32295 11459
4.0052 28218 10013
3.8715 27277 9679
3.5030 24680 8758
1.9071 13437 4768
0.30917 2178 773
0.15459 1089 386
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DUAN Chunzheng, LU Qidong, HAN Shikai. Study on surface morphology of nickel-based superalloy GH4169 by end-
milling[J]. Aeronautical Manufacturing Technology, 2024, 67(14): 102—108.
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BES®, B K, HitEl

(K#E® T X5, Kk 116024)

[(E] AR AZEE 4 GHAL69 s 4tm T A & 5% m B &, 42 4] GH4169 69 m T & @44t & fe it 5
GH4169 m LR EH FETLZE L. A TR EH4R 5, KA T 4l ik B A0 Z B3 48 B4R H T 3T &
LR e = R BT S0 e LB R AR . AR R, sH R ERE A e Bl KRB MRR A BRI A 0
B 5% B el ik B VBR B IR e TR @ 2L AR AR R 09 L3R, BT A\ SRR R R om AR i K B MR R A B
Mk A H IR RS E AE R, A I R EMR AL = R BN R E R R e LA ERE
V=100 m/min, 2L 417 & t=0.1 mm, &5 4% f,=0.025 mm/z, 4L 4] 5% % a,,=5 mm.

K A 5B A4 GHA169; se4tin T, TEAM, K@Mk E, R @HR

Study on Surface Morphology of Nickel-Based Superalloy GH4169 by End-Milling
DUAN Chunzheng, LU Qidong, HAN Shikai
(Dalian University of Technology, Dalian 116024, China)
[ABSTRACT]

superalloy GH4169 processed by end-milling to control the surface roughness and improve the machining quality of

It is of great significance to study the influencing factors of the surface topography of nickel-based

GH4169. Based on single-factor end-milling experiments, the effects of milling speed, milling depth, feed per tooth and
milling width on surface roughness and 3D surface topography were investigated. The results show that the influence
degree on surface roughness is as follows: Feed per tooth, milling width, milling speed, milling depth, etc. The machined
surface mostly presents the texture of vertical and horizontal phase, and the degree of influence on the surface texture depth
is as follows: Milling speed, milling depth, feed per tooth, milling width; Combined with the processing surface roughness
and 3D surface topography, the best processing parameters are: Milling speed V=100 m/min, milling depth t=0.1 mm, feed
per tooth f,=0.025 mm/z, milling width a,,=5 mm.

Keywords: Nickel-based superalloy GH4169; End-milling; Process parameters; Surface roughness; Surface morphology
DOI: 10.16080/j.issn1671-833x.2024.14.102
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Fig.1 Single factor end-milling test
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FELAE 32 I 2 0 41 3 8 %) 3 R 2 1 8 K5 2R 7 60
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BB AT ST, TR R S BEE /N T 60 m/min B B
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B, S 11 8 I I T U X o T2 i g K 1)
405, S TARELRS 5 2 A5 ) Sk 3 P 388 T s )~ o
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Table 1 End-milling test parameters

e fi
BEHIEEV/ (m/min ) 10, 20, 40, 60, 80, 100

BEHIZEEYmm

kA ) (mm/z)

0.05, 007,009, 0.1,0.2,0.5,1.0
0.01, 0.025, 0.05, 0.1, 0.15, 0.2

BRHI e a, /mm 1,2,5,8,10

2 REMHFNEINE
Fig.2 Surface topography measurement test
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Table 2 Results of single factor experiment

e BEHIEE VY BEMIRIEY | AT BEMIEa. REHBEE
P (m/min) mm (mm/z) mm . o
REEECFmZE R/iam | REERKEE R /um
1 10 0.2 0.1 5) 0.449 3.795
2 20 0.2 0.1 5 0.7415 6.684
3 40 0.2 0.1 5 1.135 8.951
4 60 0.2 0.1 5 1.718 11.732
5) 80 0.2 0.1 5 0.3235 15.28
6 100 0.2 0.1 5) 0.2935 4.882
7 25 0.05 0.1 5 0.131 1.47
8 25 0.07 0.1 5 0.153 1.88
9 25 0.09 0.1 5 0.357 3.901
10 25 0.1 0.1 5 0.4685 5.546
11 25 0.2 0.1 5 0.620 6.091
12 25 0.5 0.1 5 0.682 8.107
13 25 1.0 0.1 5 0.78 12.666
14 25 0.2 0.01 5 0.275 5.199
15 25 0.2 0.025 5 0.275 6.62
16 25 0.2 0.05 5 0.389 7.466
17 25 0.2 0.1 5 0.620 6.091
18 25 0.2 0.15 5 0.928 8.197
19 25 0.2 0.2 5 1.677 10.695
20 25 0.2 0.1 1 0.681 8.961
21 25 0.2 0.1 2 0.691 5.020
22 25 0.2 0.1 5 0.733 4.754
23 25 0.2 0.1 8 0.799 7.177
24 25 0.2 0.1 10 1.215 23.509
1.8 08
16 0.7F
\g 1.4+ 5_ 0.6+
o 12t >
Bl 1ok i 0.5F
B 2 04t
= 08 e
= o6t = o3}
* 0.4F ® 0af
0.2 1 1 1 1 | 0.1F | 1 1 1 1 I
0 20 40 60 80 100 0 0.2 0.4 0.6 0.8 1.0
BEHIH Y/ ( m/min ) BEHIEEYmm
B3 StHIEESREMEEEXR 4 BHIRESREMEEEXR
(t=0.2 mm, f,=0.1 mm/z, a,,=5 mm ) (V=25 m/min, f,=0.1 mm/z, a,,=5 mm )
Fig.3 Relationship between milling speed and surface roughness Fig.4 Relationship between milling depth and surface roughness
(t=0.2 mm, f,=0.1 mm/z, a,,=5 mm) (V=25 m/min, f,=0.1 mm/z, a,=5 mm)
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Fig.5 Relationship between feed per tooth and surface roughness
(V=25 m/min, t=0.2 mm, a,=5 mm)
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Fig.6 When the cutter diameter is 20 mm, the surface roughness
changes with the milling width (V=25 m/min, t=0.2 mm,
f,=0.1 mm/z)
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Prediction of Edge-Milling Distortion of Composite Thin-Walled Workpiece in
Flexible Tooling System

ZHANG Honghao', LIAO Wenhe"?, LI Pengcheng", TIAN Wei', WU Chao', ZHANG Lin"
(1. Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China;
2. Nanjing University of Science and Technology, Nanjing 210094, China)

[ABSTRACT] Aiming at the edge-milling distortion problem of the composite thin-walled workpiece, which is clamped
on the flexible tooling system, the milling process is simulated by finite element method with commercial software
ABAQUS. The influence of POGO column spacing, POGO column to edge margin, and the main fiber angle of composite
thin-walled parts on the milling deformation is studied. A method for predicting the deformation of thin-walled parts during
flexible clamping is proposed. This method can effectively predict the deformation of thin-walled parts under the influence
of parameters such as spacing, margins, and angles. The method has a maximum error value of 3.6% for the prediction of
the edge weight deformation of thin-walled parts, and a maximum error value of 2.70% for the prediction of the external
force deformation of the edge of the thin-walled parts.

Keywords: Flexible tooling system; Composite material; Thin-walled workpiece; Edge-milling; Finite element simulation
DOI: 10.16080/j.issn1671-833x.2024.14.109
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Fig.7 Relationship between fiber angle and self-weight deformation
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Fig.5 Simulation results of self-weight deformation
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Fig.8 Relationship between load and horizontal deformation
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Fig.9 Simulation results of support spacing—edge distance
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Table 2 Fitting parameters of self-weight deformation prediction

equation
28 B 28 B
n 5 b, 3.16E-05
q 4 b, —7.30E-08
a, —~1.91E-01 b, 8.96E~12
a, 1.73E-03 b, 1.53E-13
a, —6.12E-06 Jo 4.15E-04
a 1.06E-08 0, —1.52E-05
a, —8.67E-12 0, 1.12E-07
as 3.21E-15 05 —3.14E-10
be —4.39E-03 0, 4.31E-13
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Table 3 Comparison between predicted and simulated self-weight
deformation values

E i 14 24 %34

[ #E/mm 900 600 900

MR () 0 45 45

HRASIE — W /mm 0.3196 0.0505 0.3196
FRASTE — {5 Efd/mm 0.3106 0.0479 0.2995

H RARIE T 15 22/% 2.9 5.43 6.71
AN — FEE/mm 0.0600 0.0215 0.1317
HIRARTE — 5 HAE/mm 0.0579 0.0223 0.1340

RS TUR 2£/% 3.6 3.59 1.72
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Table 4 Fitting parameters of milling edge deformation prediction

equation
2 WEE E il WEE
a 2.1367E-9 m 1.0720E-8
b 2.0506E-8 n 1.1005E-7
c 4.7488E-6 q 6.3176E-5
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Table 5 Comparison of predicted value and simulation value of
milling edge deformation
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i mm mm (°) mm mm %

%140 | 900 100 0 0.0084 0.0085 1.18

524 | 600 60 0 0.0076 0.0077 1.30

%341 | 600 100 45 0.0073 0.0074 1.35
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F»:?

900 60 45 0.0072 0.0074 2.70
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