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Research Progress of Integral Precision Die Forging Technology for
Large Aviation Key Components

ZHOU Jie™*, LIU Zuofa"?, QU Zhiyuan®, WANG Hang', ZHANG Peng’, WANG Zhoutian®
(1. Chongging Key Laboratory of Advanced Mold Intelligent Manufacturing, Chongging University,

Chongging 400044, China;

2. College of Material Science and Engineering, Chongging University, Chongging 400044, China;
3. China National Erzhong Group Deyang Wanhang Die Forging Co., Ltd., Deyang 618013, China)

[ABSTRACT] With the rapid development of aviation industry, the market share of large-scale, integral, precision
and high-performance die forgings in aviation key components is expanding. The increasing size, complexity and
material strength of aviation key components have brought great challenges to the overall die forging of large aviation
key components. Firstly, the critical challenges and solutions of realizing the integral die forging of large aviation key
components were introduced in this paper. Then, the research progress of integral precision die forging technology in
typical large aviation key components such as aircraft bulkhead, landing gear and engine turbine disk was discussed.
Finally, the future development of integral die forging technology of large aviation key components was prospected.
Keywords: Large aviation key components; Integral precision die forging; Bulkhead; Landing gear; Turbine disk
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Aircraft Assembly Line Digital Twin System for Layered and Transparent

Management

LI Xiaohua"?, JIANG Haifan', XU Aiming*, ZHOU Jingyao®, SUN Yun', HUANG Wei*

(1. AVIC Chengdu Aircraft Industrial (Group) Co., Ltd., Chengdu 610092, China;
2. Huazhong University of Science and Technology, Wuhan 430074, China)

[ABSTRACT] To solve the problems of poor integration of business systems, opaque assembly process, and untimely
exceptions handling, an aircraft assembly line digital twin system for layered and transparent supervisory control is
proposed. After the requirements analysis, a four-tier architecture is proposed, namely physical layer, twin data layer,
twin model layer and application layer. And three core functional modules are designed and implemented, including twin

database construction for multi-dimensional data integration, final assembly lines digital twin modeling for transparency
and visualization, integrated hierarchical supervisory control for on-site exception handling. The practical application shows
that proposed system meets the requirements of multi-level, multi-dimensional, multi-role distribution remote supervisory

control and comprehensive analysis, and effectively improves the digital and transparent level of aircraft final assembly.

Keywords: Intelligent manufacturing; Digital twin; Aircraft final assembly line; Production management and control system;

Digitization; Transparency
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Cutting Simulation wmﬁmmﬁ:
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Table 1 Geometrical parameters of traditional restricted contact tool and variable-length

restricted contact tools
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X FJE | gpa/mm FKBE | pi/mm W/mm TR S/mm?
RRCT 0.8
R-TRCT 0.7
0.4 0.2 2
DTRCT L
TRCT b

£ 2 316L BEERARER I-C AR S -

Table 2 J-C constitutive model parameters of AISI 316L austenitic stainless steel™

A/MPa B/MPa © n

514 514 0.042
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Els™t T,/°C m

0.001 1399 0.533

F 3 316L RKERFNHFISE

Table 3 Material parameters of AISI 316L austenitic stainless steel
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Table 4 Test scheme of finite element simulation
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Table 5 Test scheme of cutting experiment
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Fig.5 Location of tracking points in conventional cutting and restricted contact cutting

models at different step counts
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Fig.6 Tool-chip contact of conventional tool and restricted contact tool under different
cutting speeds and uncut chip thicknesses
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Fig.8 Comparison of the main cutting force and feed force generated by conventional tool and

restricted contact tool at different cutting speeds and uncut chip thicknesses
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Fig.10 Temperature variation of tracked points in conventional tool and restricted contact

tool under different cutting speeds and uncut chip thicknesses
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Simulation and Experiment Research of Force and Thermal Characteristics on
Restricted Contact Cutting

LI Zizhao, DENG Wenjun, PANG Xueqin
(South China University of Technology, Guangzhou 510641, China)

[ABSTRACT] 316L austenitic stainless steel is widely used in aerospace because of its excellent mechanical properties
and corrosion resistance. However, work hardening and harsh tool-chip contact environments lead to decreased tool life
and machining efficiency. In this paper, finite element simulation and cutting experiments of restricted contact cutting
were constructed to explore the effect of restricted contact tools on the force and thermal characteristics of the machining
process. The effect of cutting and restricted contact parameters was investigated through the establishment of the finite
element simulation model of restricted contact cutting, and the action mechanism of variable restricted contact structure
was clarified. It indicated that the variable-length restricted contact structure can effectively reduce the cutting force and
temperature and improve the cutting performance, among which the trapezoidal restricted contact structure has the best
effect on improving cutting performance. The result, which was validated by cutting experiments and proved the reliability
of the finite element simulation, offers the basis for optimizing the structure of the restricted contact tool.

Keywords: Restricted contact cutting; Variable-length restricted contact tool; Finite element simulation; 316L austenitic

stainless steel; Force and thermal characteristics
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Fig.2 Topology structure of five-axis CNC machine tool (take WYXZCAT as an example)



Cutting Simulation wﬁuﬁwﬁiﬁ

XN T AR A T R AT AN, A Y

RIFFEE 3 (b) FrzR.

2.3 HURGELIRRENX
IR T HAAE KRR R 1

(a) RIS (b)) BRI LATHRAE

FE SCHL, 7E SO 8 AR AR 2, i ik
e % 2R 19 S5 A i 2 Bk B3 HURRESE)
NN Fig.3 Example of machine tool model

IR R

(1) PERAARARIE XL £ BEARRCELE

ﬂ{l T E’fﬁ ng (] ':F' ‘{’Eﬁﬁ éﬁ*ﬂﬁ Table 1 Simulated coordinate system position and attitude data
R LISE 3) . 22 X i A 225 ] - o —
P16 07 2L A 7 SCS, 7 X 4 Oes fT s B
AR R FRL, R Vi ses Vy sesn BRRER Oscs (0,0,0)
V7 ses TR EAR R TA] . T AR X R Vy scs (1,0,0)
RAOESHEEAR IR 1R, Y Bl Vi (0,1,0)

(2) gt Aebn 22 X Z o dt V, s (0,0,1)

BT SEIRAE NC IR 30 T BHLIR

D iz a5 Sckriz sl — Sk i a2 2 GELERAAMEETHEILEE )

BT o PN (=} —
*ﬂﬁbﬂ LT L‘E:k ’ /—‘EX%$£§M:’]‘/% Table 2 Programmatic coordinate system position and attitude data (based on a simulated
PCS, /E\:‘[ﬂﬂﬂﬂ E{j%{ﬁﬁ%{%i+%: coordinate system)

BIARBREEME . 72 LR Opes W HARKR

ZIEL D Ve e Vy ves Vi pos [z (A5 (LINE S e
PSICA TR 0. SRR 3R i IR Pre 10.0.0
SHBUR A 2 PR XAk Vises (1.0,0)
(3) 17 AR R Y it Vy ses (0,1,0)
T WA N 0 b 2t Ve (0.0.0)

R 18], 7645 5L 9 1 B 45 2
SR NCS . L SES i 15 2 X

. : N ®3 FEHHX FRLRRCEMIR(ETHELER)
58 UL Oy nes M HLARPR R I A, R

Table 3 Position and attitude data of translation axis X node coordinate system (based on a

i VX_X_NCS N Vx_y_Ncs N Vx_z_Ncs %% ik simulated coordinate system)

HARBRBTT 1] o Bl s X A

PRR B SERAR I 3 iR, K eSS firk 2 PR BTG R

fis 15 5 A R S5 2 2 R AR B (0,0,0)

U R iFS Vi xnes (1,0,0)
(4) BERIAAR R o Y il it Vi v nes (0,1,0)
T R A AR BIL PR A5 A5 TR ) A Z Rt Vicz nes (0,0,1)

BRI i), FEASEAR | [ ECXT y f)A5E 7E

AebrzR UCS. fE ] — 15kl T Al R4 I X ERBARR SR EFHELRR)

B FE X 1 LI~5 Table 4 Position and attitude data of translation axis X node model coordinate system
AR, T i T S . LLFS) y:
iﬂi dlij HXTF E{/‘J % n 4\1:% il ﬂ\j @” % (based on a simulated coordinate system)

S O ues HHAEPR AL, SR HE 84T R% SN e
Vx_x: n_UCs ™ VY_x_n_uis N VZ_X_n_UCi %‘%ﬁ% AT 2R B A Py 1 ucs (0.0.0)
AR BRG] PSRl R n R S v (10.0)
AR A R 07 MR - e o

4 B, FOABR AR B X5 2 Y AR Vesnes L
%M s Z:ﬁi?fﬁo Z s V2 xnucs (0,0,1)
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Bl AR HLE LR 200, &% #5 HUREEIDR G EREIRE T T HERE(UHLARIE NS WYXZCAT 1)

ﬂfﬁh %&T’EHL % L {ﬁj 2L TH Y i$ e Table 5 Tra‘nsformation matrix for calculating theoretical and actua‘l position and attitude of
e [5-17] e o v g = machine tool model (take WYXZCAT as an example for machine tool topology)
IR SCHURIS S R DR 2E

5 B 43 5 T, 00 ex T ex T (2) e - TR p AR TR (57 B A o
Teinos Tator o M Tuie, o MiBEHLIE T HTE it e
BRI AL BT TSR AT A5 ELHL Y W Trv=Tw o eTwn
B 0 1052 5 51 B » T Trax=Tu o T o Ty
5 iR, 7 Tre2=Tu 2 Trax =l ol e s
5 RiERIE © T @) Tz Trac=Trc)eTric)Traz
AN Y WY XzeaT A TrealoonTee Tt e
B K i ) 5 R LR > Trs =T Tt
JEAT 5 SCHRAE. KT A R T Trr=Trs s

B E , 24719 m AR AR 2R AR R Tl Ok
¥y 5 05 AR bR AR R R, G0k 6 B

7N o (based on simulation coordinate system)

N T TR R A AR, S

x6 ARBHVKTRLRRUESH(ETHELRR)

Table 6 Adjusted position and attitude parameters of machine tool node coordinate system

{13245 s EURER, 1 AR AR AL T RAATR AR RAOLE /mm X 2R o Y R Z R
DR EL S 3 2 6 B A y Oy nes (0,0,0) (1,0,0) (0,1,0) (0,0,1)
ST T T A HL A TR X Oy yes (0,0,0) (1,0,0) (0,1,0) (0,0,1)
WRKINFE 7 e, HE 0 for Y538 z Oz nes (0,0,0) (1,0,0) (0,1,0) (0,0,1)
SLFANE 5 Fis . c Oc nes (0,0,2800) (1,0,0) (0,1,0) (0,0,1)

X4 NC 7 AT AT, 373 A Opnes (0,-75,2800) | (1,0,0) (0,1,0) (0,0,1)

SynlantE 6 iR .

PLHLNC 25 v ok %840 1 by 24 RT7 OABERVURREAAR R R LR
[ i e Hﬂ/\ Table 7 Adjusted position and attitude data of machine tool model coordinate system
B AT 1R R R S A

UBO T A3 B q 2l 100 1%, BRI R BRI A bR 2R AL /mm X Rt \EIPS YA PS
HEAT ] B A S s A %% Y AU | Py, (1575,-1500,6000) (1,0,0) (0,1,0) (0,0,1)
FRZE WA 7 s o X A | P, (375,3100,2550) (1,0,0) (0,1,0) (0,0,1)

e RE k4 B F 09 1000 mm/ za s | P, (1500, -1500,5000)  (1,0,0) (0,1,0) (0,0,1)
min, B RIAEIE Vees s SRIFLUE ¢y pppm P ,(~1500,-1500,-1300)|  (1,0,0) (0,1,0) (0,0,1)

B Vecs o A 0, Il EIBBINELL apes
> 500 mmy/s®, J-HE AT 15 #L% AL [H]
PRICTHS5e sh e Mt R
SERANIE 8 R

BT AR HLR D5 Bz 3h 5
i, AR 5 LR A B A 255 T
ST A BINLAAS AL B (0 2R
N3 8 P,

< S e 0 % el R LR
iz B il LA % 22 Bt , 455 PLIR
R S P 07 5 A 0, ] 4G 3

AR Py, (1500,1575,1300 ) (1,0,0) (0,1,0) (0,0,1)

] R o A YR K (a) PHHERT (b) P
HILIARASE A S B (v 224500 , 3 9 i 5 MEARRASEERER
N °© Fig.5 Position and attitude adjustment example of model coordinate system
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Cutting Simulation wmﬁwﬁjﬁ

N7 X -1320 Y -1320 Z 1000 AO C O

N8 X -1100 Y -1100 Z 800 A 45330289 C 0

N9 X -700 Y -700 Z 500 A 60.562182 C -33.005382
N10 X -300 Y -300 Z 400 A 84.379591 C -33.005382
N11 X -200 Y -200 Z 0 A 100.257863 C -33.005382
N12 X -100 Y -100 Z -500 A 47.330289 C -33.005382
N13 X0 YO0 Z -1000 A 112166567 C -33.005382
N14 X 1000 Y 1000 Z 0 A 122.090487 C -33.005382
N15 X 350 Y 458 Z -1000 A 138630354 C -33.005382
N16 X 500 ¥ 769 Z -920 A 153.847032 C -33.005382
N17 X 400 Y 879 Z -1100 A 167.74052 C -33.005382
N18 X 250 Y 957 Z -880 A 183.618792 C -33.005382
N19 X 600 Y 1112 Z -920 A 160.462978 C -33.005382
N20 X 150 ¥ 150 Z -B60 A 144.584706 C -33.005382
N21 X 160 Y 160 Z -850 A 130.691218 C -33.005382
N22 X 170 Y 170 Z -840 A 98.27307 C -33.005382

GOTO/,20,20,-990,0.55400158,-0.62957506,-0.54471781
GOTO/,30,30,-980,0.5466951,-0.63593001,-0.54471781
GOTO/,40,40,-970,0.53931573,-0.64220017,-0.54471781
GOTO/,50,50,-960,0.53186445,-0.6483847,-0.54471781
GOTO/,60,60,-950,0.52434226,-0.65448278,-0.54471781
GOTO/,70,70,-940,0.51675016,-0.66049359,-0.54471781
GOTO/,80,80,-930,0.50908915,-0.66641635,-0.54471781
GOTO/,90,90,-920,0.50136027,-0.67225024,-0.54471781
GOTO/,100,100,-910,0.49356454,-0.67799451,-0.54471781
GOTO/,110,110,-900,0.48570301,-0.68364837,-0.54471781
GOTO/,120,120,-890,0.47777671,-0.68921109,-0.54471781
GOTO/,130,130,-880,0.46978671,-0.69468191,-0.54471781
GOTO/,140,140,-870,0.46173408,-0.70006011,-0.54471781
GOTO/,150,150,-860,0.45361988,-0.70534496,-0.54471781
GOTO/,160,160,-850,0.44544519,-0.71053578,-0.54471781
GOTO/,170,170,-840,0.43721112,-0.71563185,-0.54471781
GOTO/,180,180,-830,0.42891875,-0.72063251,-0.54471781

N1302 X20 Y20 Z-980 A49.315073 C-33,005382 t45.3
N1303 X30 Y30 Z-970 A49.976668 C-33.005383 t4538
N1304 X40 Y40 Z-960 A50.638262 C-33.005384 t45.44
N1305 X50 Y50 Z-950 A51.299857 (-33.005385 t45.51
N1306 X60 Y60 Z-940 A51.961452 C-33.005386 t45.66
N1307 X70 Y70 Z-930 A52.623046 C-33.005387 t45.67
N1308 XBO Y80 Z-920 A53.284641 C-33.005388 t45.72
N1309 X390 Y90 Z-910 A53.946236 C-33.005389 t45.76
N1310 X100 Y100 Z-900 A54.60783 C-33.005390 t45.80
N1312 X110 Y110 Z-890 A55.269425 C-33.005391 t45.83
N1313 X120 Y120 Z-880 A55.93102 C-33.005392 t45.87
N1314 X130 Y130 Z-870 A56.592614 C-33.005393 t45.91
N1315 X140 Y140 Z-860 A57.254209 C-33.005394 14593
N1316 X150 Y150 Z-850 A57.915804 C-33.005395 t45.97
N1317 X160 Y160 Z-840 AS5B.577398 C-33.005396 t46.01
N1318 X170 Y170 Z-830 A59.238993 C-33.005397 t46.04
N1319 X180 Y180 Z-820 A59.900588 C-33.005398 t46.07

6 NC EF=HI(F5)
Fig.6 NC program example (part)

7 BHETIEMCRHE(ERS)
Fig.7 Tool position and attitude data after
densification (part)

8 ENEEHEIE(ES)
Fig.8 Motion position and attitude after
densification (part)

F8 WUKEREBRARHIR(NC BFE 7TITRHBELE)

Table 8 Theoretical position and attitude data of machine tool model (local densification section in line 7 of NC program)

I -/ | |
B | waRem RIRI AR R 2 S5 A /mm X o &t R IPS VAIPS
X (495,3220,2550 ) (1,0,0) (0,1,0) (0,0,1)
Y (1575, -1380,6000 ) (1,0,0) (0,1,0) (0,0,1)
13 z (-1380, -1380,4120 ) (1,0,0) (0,1,0) (0,0,1)
A (-1380, -1380, -2180 ) (0.501,-0.672, -0.544 ) (-0.544,0.501, -0.672) (-0.672,-0.544,0.501)
c (1620,1695,420 ) (0.544,-0.728,0) (-0.728,0.544,0) (0,0,1)
X (505,3230,2550 ) (1,0,0) (0,1,0) (0,0,1)
Y (1575, -1370,6000 ) (1,0,0) (0,1,0) (0,0,1)
14 z (-1370,-1370,4130) (1,0,0) (0,1,0) (0,0,1)
A (-1370,-1370, -2170) (0.493,-0.678, -0.544 ) (-0.544,0.493, -0.678 ) (-0.678,-0.544,0.493 )
c (1630,1705,430) (0.544,-0.728,0) (-0.728,0.544,0) (0,0,1)

R9 WUKERLFRMEHIE(NC BFE 7TITRBELE)
Table 9 Actual position and attitude data of machine tool model (local densification section in line 7 of NC program)
/| |

B waAem FALAL bR R 5 A fmm X iRt &IPS VA PSSy
X (494.9724,3219.9975,2549.9571 ) (1,0,0) (0,1,0) (0,0,1)
Y (1574.9691, -1380.0185,5999.9469 ) (1,0,0) (0,1,0) (0,0,1)
13 z (-1380.0311, -1380.0187,4119.9436 ) (1,0,0) (0,1,0) (0,0,1)
A (-1380.0355, —1380.0189, —2180.0597 ) | (0.501, -0.672, -0.544 ) | (-0.544,0.501,-0.672) | (-0.672,-0.544,0.501)
C (1619.960098,1694.980857,419.9290998 ) |  (0.544,-0.728,0) (-0.728,0.544,0) (0,0,1)
X (504.9724,3229.9975,2549.9571 ) (1,0,0) (0,1,0) (0,0,1)
Y (1574.9967, -1370.016,5999.9898 ) (1,0,0) (0,1,0) (0,0,1)
14 z (-1370.0002, -1370.0002,4129.9967 ) (1,0,0) (0,1,0) (0,0,1)
A (-1370.0044, -1370.0002, —2170.0033 ) | (0.493, -0.678, -0.544 ) | (-0.544,0.493,-0.678) | (-0.678,-0.544,0.493)
c (1629.995598,1704.999757,429.9888 ) (0.544,-0.728,0) (-0.728,0.544,0 ) (0,0,1)
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Fig.9 Machine motion simulation process

54 WissiiEEEA - 202345 665 5551

(3) &3 71 HL B8 05 5% AL
[EIARIC A3 7% R AR 9 S
URTHES YV RE e Rv O R (=Y U PAR S
7 SR AT T P A, e S S
[AIRIC , SRR AL oz Sl (6] Y
Tl .

(4) XFHLIRBEAY iy B8 A3 283 T
PO IEEAT IR  EHLR IR (5 iz
ghid B G APUR IR ZET, fRUE
PLAR T Bz 3 5 LUK 2 Bl i
Z—Hk,

& X x o

[1] VAN HOOK T. Real-time shaded NC
milling display[J]. ACM SIGGRAPH Computer
Graphics, 1986, 20(4): 15-20.

[21 w47, MER, ik, ET
Dexel #7!f¥) NC Jn T05 EANFIERTSE [J]. PE
6T R4 |, 1997, 15(4): 629-633.

TANG Youning, WEI Shengmin, YANG
Haicheng. On simulation of NC milling using
dexel model[J]. Journal of Northwestern
Polytechnical University, 1997, 15(4): 629-
633.

[3] B . T[] [ A Ay
T o M S 5 ELOCHEEORBESY [D]. db st
FERF2EBE WS A BE (TE B TSR BAR BT T ),
2012.

SHAO Zhixiang. Research on adaptive
and real-time simulation key technologies
for NC machining of free-form surface[D].
Beijing: Chinese Academy of Sciences
(Shenyang Institute of Computing Technology),
2012.

[4] B =ff Bk EdE SR
INTATE 3. AR BTH S5 IE
2001, 13(11): 1024-1028.

LUO Kun. Using triangular faceted model
for NC machining verification[J]. Journal of
Computer Aided Design & Computer Graphics,
2001, 13(11): 1024-1028.

[6] MRELE . B Tz s 5 L p w
LERIYBFFT S S [D]. P64« padb Tl KA
2005.

ZHAO Hongxian. Research and
implementation of CNC machining motion
simulation and material removal[D]. Xi’an:
Northwestern Polytechnical University, 2005.

[6] LIU S Q. Real-time, dynamic level-
of-detail management for three-axis NC milling
simulation[J]. Computer-Aided Design, 2006,
38(4): 378-391.

[71 LIJG, DING J, GAO D, et al.
Quadtree-array-based workpiece geometric
representation on three-axis milling process
simulation[J]. The International Journal of
Advanced Manufacturing Technology, 2010,
50(5-8): 677-687.

[8] BOHEZ E L J. The stencil buffer
sweep plane algorithm for 5-axis CNC tool path
verification[J]. Computer-Aided Design, 2003,
35(12): 1129-1142

[9] {dy, sPeiss , sRittR , 45 Hdx
T 05 B AR GRS N 3], /N i
BHLERSE , 2010, 31(6): 1240-1244.

PENG Jianjun, GUO Ruifeng, ZHANG
Shimin, et al. Research and application of
NC (numerical control) machining simulation
system[J]. Journal of Chinese Computer
Systems, 2010, 31(6): 12401244

[10] i@ . oy o] B AR A v IR LR
RS W HORATSE [D] AR - PR3 R
2%, 2021.

XIAO Tong. Research on 5-axis machine
tool modeling and monitoring technology for
digital twin[D]. Chengdu: Southwest Jiaotong
University, 2021.

[11] AR . AR NURIT S B b
ARG S TF K [D]. AR : T rEACIE R
2014.

WU Peng. Research and development of
post-processing open system for five-axis NC
machine tool[D]. Chengdu: Southwest Jiaotong
University, 2014.

[12] 2. FAHLIRIES 82 8 st
LSO KON [D]. BUER © PH e 30 K
2013.

LI Zhuang. Research and application on
kinematic generic modeling theory for five-axis
machine tool[D]. Chengdu: Southwest Jiaotong
University, 2013.

[13] R . 38 A ECR i 05 B AR
Bedtk [D]. BHR : PERdsCilR ¥ | 2014

CHEN lJian. General five-axis NC
machineing simulation systrm development[D].
Chengdu: Southwest Jiaotong University,
2014.

[14] M%EE, MRUF, Bt % BuER



Cutting Simulation wﬁuﬁwﬁjﬁ

gt S R 2w PR WY (3], /N
R EHLRS: |, 2013, 34(1): 168-172.

TIAN Junfeng, LIN Hu, YAO Zhuang,
et al. Study on S-shape curve acceleration
and deceleration control fast planning on
CNC system[J]. Journal of Chinese Computer
Systems, 2013, 34(1): 168-172.

[15] SRR, 222840, EoAk. 3T
(] i ZE TR N T LT iR 25 38R % [3].
HLBE T4 , 2002, 38(7): 121-125.

SU Shiping, LI Shengyi, WANG Guilin.

Identification method for errors of machining
center based on volumetric error model[J].
Chinese Journal of Mechanical Engineering,
2002, 38(7): 121-125.

[16] sKZEE . W% G T EEEHLUR 5
ZEM BN EIAMEDIE [D]. i B¥#EACiE
K4, 2011

ZHANG Hongtao. Research on dynamic
and real-time error compensation for two
turntable five-axis NC machine tool[D].
Shanghai: Shanghai Jiao Tong University,

2011.

(171 AFEsg , b, ik . A
B AL IR E e b LA % 22 B U O vk D]
WV R 24244 ( T24RR ), 2015, 49(5): 848—
857.

FU Guogiang, FU Jianzhong, SHEN
Hongyao. One novel geometric error
identification of rotary axes for five-axis
machine tool[J]. Journal of Zhejiang University
(Engineering Science), 2015, 49(5): 848-
857.

Research on Motion Position and Attitude Algorithm of Machine Tool for
Five-Axis CNC Machining Simulation

JIANG Lei, ZHANG Yuexinkai, LIANG Bin, DING Guofu
(Southwest Jiaotong University, Chengdu 610031, China)

[ABSTRACT]
development of manufacturing industry. But the existing research still has deficiencies in accuracy in the calculation
of position and attitude of machine tool movement. Constraints such as command mode, acceleration and deceleration
control of CNC system and geometric error of machine tool are not considered. For this issue, this paper studies the
motion of five-axis machine tool simulation algorithm. Firstly, the topology, model and coordinate system of five-
axis CNC machine tool are completely defined. Secondly, the topology structure, model and coordinate system of

CNC machining simulation is the centralized embodiment of digitalization and intelligence in the

five-axis CNC machine tool are defined completely. On this basis, the densification of simulation of tool position and
attitude based on command mode of CNC system and the corresponding time marking calculation method are explored.
Combining with geometric error model of five-axis CNC machine tool, the simulation position and attitude of the model
movement process of the machine tool which is more in accordance with the actual geometric state of the machine
tool are obtained. The proposed algorithm is validated by topological structure modeling, tool position simulation
densification and position and attitude calculation of machine tool model considering geometric errors, which proves the
feasibility and validity of the algorithm.

Keywords: Five-axis CNC machine; Machining simulation; Tool path; Motion position and attitude; Motion algorithm
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Table 1 Parameters of finite element model
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A Fast Method to Obtain Local Contact Status in Belt Grinding of Complex
Surface Based on Vision and BEM

REN Xukai**®, YU Huanwei', CHEN Xianfeng", DU Xiyong', WANG Guobiao®’, CHEN Xiaoqi*
(1. Shaoxing Special Equipment Testing Institute, Shaoxing 312071, China;
2. Shaoxing Key Laboratory of Special Equipment Intelligent Testing and Evaluation, Shaoxing 312071, China;

3. Tianjin University, Tianjin 300072, China;
4. Shanghai Jiao Tong University, Shanghai 200241, China)

[ABSTRACT]

status makes it is difficult to guarantee processing accuracy and hinders its application in high-end industries, especially

Robotic belt grinding has higher cutting efficiency and surface quality. However, implicit local contact

when the workpiece has complex contour. And the current local contact status computing methods are inefficient and cannot
meet timeliness requirements. Therefore, after analyzing results of FEM and BEM in computing the local contact status,
this paper acquires the contact width on abrasive belt based on machine vision. Then the contact width is used as the
boundary condition of BEM. Finally, this paper has achieved the contact status fast calculation of the point cloud within
18 mm x 18 mm area with the accuracy of 0.2 mm and in 1 s. Compared with FEM calculation results, the maximum error
of the contact status obtained by the novel method is no more than 5.6%.

Keywords: Belt grinding; Local contact status; Based on vision; Boundary element method (BEM); Point cloud
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Experimental and Simulation Study of Grinding Particle-Reinforced
Titanium Matrix Composites

LI Zheng"?, LIU Bin', DING Wenfeng®, TIAN Shuai', WANG Zhenghe'
(1. Zhengzhou University of Aeronautics, Zhengzhou 450046, Ching;
2. Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

[ABSTRACT]

In this paper, the experiments on grinding of particle-reinforced titanium matrix composite (PTMCs) were

conducted using single-layer brazed CBN wheels. The comparative grinding performance was studied in terms of grinding
force and grinding temperature by grinding of PTMCs and TC4 titanium alloy. The evolution process of PTMCs material
removal was discussed by the finite element method. The results show that the grinding forces for PTMCs are always 15%-—
30% higher than that for TC4. The grinding temperature for PTMCs is always 7%—-11% higher than that for TC4. PTMCs is
more difficult to machine than TC4 titanium alloy. The material removal process of PTMCs includes the ductile removal of
TC4 matrix material and the brittle removal of TiC reinforced particles. The hole defect on the grinding surface is created
by the brittle removal. When the grinding speed decreases from 120 m/s to 20 m/s, the depth of the hole defect on the
ground surface increases from 0.8 um to 3.5 pm, an increase of about 3.4 times. The influence of reinforced particle brittle
removal on PTMCs ground surface hole defects can be reduced by increasing the grinding speed.
Keywords: Particle-reinforced titanium matrix composites (PTMCs); Grinding force; Grinding temperature; Finite element
simulation; Material removal (B )
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LIU Hao, WANG Bing, LIU Zhanqiang, et al. Peridynamics simulation and experimental investigation of chip formation
process during machining of Ti,AINb[J]. Aeronautical Manufacturing Technology, 2023, 66(5): 68—75.
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2. LAKRFHM I REEZBE L FET O, Fd 250061;

3 ALE Tk ytra kAL Ak (£ ) A RS, 2Fa 110850)

[ WE] ARELHIERNGEGIE S HFRE, TR KRBT R AR T AR E M R EE FHIAE, 5552 b #)
TARMA B A BT FHAOLLIYT Al LT A . AXKTHEAELREY N F 7 EME Ti,AIND #2984
KAHERL, B oA K A Ao b ik BN, KRB AL h FAKEBEFHF A2, 25 T E A T Ti,AINb gkl 45 LA
RO EBIELIG N FRALER, 5 T TiL,AIND Z A b B a2, @3RI E, KHEGI A FH A
T VLA FBE DL Ti,AIND b7 8l 57 /5 F s it 42 o AL BB Fe 45 I AL AAE . K7 kTR 6930 )5 7% nx 37 49 /2 40.23° 5 4%,
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Peridynamics Simulation and Experimental Investigation of Chip Formation Process During
Machining of Ti,AINb

LIU Hao"’, WANG Bing"?, LIU Zhangiang"?, LI Liangliang®, CAl Yukui'?, SONG Qinghua?
(1. Key Laboratory of High Efficiency and Clean Mechanical Manufacture of MOE, School of Mechanical Engineering,
Shandong University, Jinan 250061;
2. National Demonstration Center for Experimental Mechanical Engineering, Shandong University, Jinan 250061;
3. AVIC Shenyang Aircraft Industry (Group) Co., Ltd., Shenyang 110850)

[ABSTRACT] Based on the idea of nonlocal theory, peridynamics describes the movement of material particles by
solving spatial integral equations. It is suitable for describing the crack growth and fracture behavior of workpiece materials
during severe plastic deformation in cutting process. In this paper, the elastoplastic constitutive model of Ti,AIND is
constructed based on ordinary state-based peridynamics, and material failure and contact criteria are developed. By solving
discrete basic motion equations, a state-based peridynamics numerical model is established to study the cutting process of
Ti,AIND alloy. Then the chip formation process for orthogonal cutting of Ti,AINb is simulated and analyzed. The results
demonstrate that the peridynamics method can accurately simulate the material deformation and damage evolution during
machining of Ti,AINb. The error between the predicted chip shear angle of 40.23° and the experimental result of 38.89° is
3.45%. The full width at half maximum of the damage spatial distribution is defined as the width of the primary shear zone,
and the predicted value is 0.06 mm with an error of less than 7%.

Keywords: Machining; Chip formation; Peridynamics; Ti,AINb; Damage evolution

DOI: 10.16080/j.issn1671-833x.2023.05.068
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[HE] B3 %5 % AGV (Automated guided vehicle, AGV) #9552 HLX] 191 B2 Tk A& 7 Fodp AR 0 X 42 19 4,
1P % AGV RAbiEH 2R ZFREE . AXAEFRI LA FIG AT F, 3R d—Fraited A" Bk, iz LA
AW E X 6B A% AT Lkt B A FBEAT AR, BERB YT ARk k A kT AR RS THA
A" Sk 0S5 AR R AR, R 0 AT HL R Ao i 1) B AR A 25 A, i@ At B ) AR AL R AT TRH) £ AGV 542 B 5 LA
oL, ARIE A AR5 F K Ae AGV B 4 509 8425, 3 AAE AGV W L2R, AR ER T % AGV Rl B 4T3k B =
AW A, R R F . RIEE R AR, Z R S AGY BT AR AR B, BRI A FRFH R ENRG,
BEA4% P RN AL ALAF B A A Rk

K4 AGV B AKX Bt A" ks S AGVEL; B FEA, $AGV R

Research on Multi-AGV Path Planning Based on Improved A" Algorithm

GUAN Xiangjin*, CHEN Juan', ZHANG Weimin®
(1. Beijing University of Chemical Technology, Beijing 100029, China;
2. AVIC Manufacturing Technology Institute, Beijing 100024, China)

[ABSTRACT] The path planning of automated guided vehicles (AGV) is an important research topic in the field of
industrial production and logistics. Collision-free path planning of multiple AGVs is a difficult problem in research. In
this paper, based on the actual industrial production site, the traditional A™ algorithm is improved by using the Chebyshev
distance, which significantly reduces the search time and the number of search nodes of the A" algorithm, and improves the
path search efficiency at the same time. The improved A" algorithm combined with the time window algorithm is used to
solve this problem. Pre-judge the node occupancy on multiple AGV paths through the time window model, and dynamically
adjust the AGV priority according to the production task requirements and the distance of the AGV from the end point. This
algorithm effectively solves the deadlock and collision problems caused by multiple AGVs driving at the same time. The
experimental results show that when the algorithm is used for dynamic path planning of multiple AGVs, the path search
efficiency is significantly improved and the path conflict problem is effectively resolved.

Keywords: AGV path planning; Improved A" algorithm; Multiple AGVs scheduling; Time window model; Multi-AGV conflict
DOI: 10.16080/.issn1671-833x.2023.05.076
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ZHOU Lina, FU Mingjie, LI Xiaohua, et al. Superplastic behavior of TA32 high temperature titanium alloy[J]. Aeronautical
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Superplastic Behavior of TA32 High Temperature Titanium Alloy

ZHOU Lina"**, FU Mingjie, LI Xiaohua**?, HAN Xiuquan***
(1. AVIC Manufacturing Technology Institute, Beijing 100024, China;
2. Aeronautical Key Laboratory for Plastic Forming Technologies, Beijing 100024, China;
3. Beijing Key Laboratory of Digital Plasticity Forming Technology and Equipment, Beijing 100024, China)

[ABSTRACT] The superplastic behavior of TA32 titanium alloy sheet was investigated by constant strain rate tensile tests
at deformation temperature range of 920-980 °C. and strain rate range of 5 x 10 °—1 x 10~ s™'. The deformation characteristics
and microstructure evolution during superplastic bulging of cone shaped part was analyzed. The results show that TA32
alloy provides superior superplastic deformation capability, with a maximum elongation up to 864% at 920 “C with the strain
rate of 1 x 10°s". The height of the cones is higher at 940 °C and 960 °C. , 90 mm and 92 mm, respectively, and microstructure
has no significant change with different deformation.

Keywords: TA32; High temperature titanium alloy; Superplasticity; Bulging; Microstructure
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HAN Zhengxu, TANG Jinyuan, SHAO Wen, et al. A numerical simulation study on residual stress distribution in laser shock
peening of aviation gear[J]. Aeronautical Manufacturing Technology, 2023, 66(5): 91-102.
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A Numerical Simulation Study on Residual Stress Distribution in Laser Shock Peening of
Aviation Gear

HAN Zhengxu **, TANG Jinyuan"*, SHAO Wen **, HE Yuhui**
(1. State Key Laboratory of High Performance Complex Manufacturing, Central South University, Changsha 410083, China;
2. School of Mechanical and Electrical Engineering, Central South University, Changsha 410083, China)

[ABSTRACT] Studied the numerical simulation calculation of laser shock peening of the tooth root of high-strength
aerospace gears, the numerical calculation method of laser shock peening pressure was proposed, and the finite element
model of laser shock peening of single tooth of aviation gear considering the angle of laser incidence was established.
The average value of the residual stress in the width direction at the tooth root was —603.97 MPa calculated by simulation,
which was 0.15% different from the average value of the residual stress in the width direction at the tooth root of the gear
measured by experiments. Systematic studies were further conducted to investigate the effects of key parameters such as
the laser pulse energy, overlap rate and spot radius on the residual stress at the surface and subsurface of the gear tooth root
region. The result shows that the average residual compressive stress in the tooth width direction is greater than that in the
tooth profile direction at the same depth layer. Increasing the laser pulse energy or the overlap rate can increase the average
surface layer residual compressive stress, however, increasing the laser spot radius will reduce the surface layer residual
compressive stress average. Increasing the laser overlap rate can effectively reduce the stress fluctuations in the residual
stress distribution on the surface, however, an excessively high overlap rate will greatly reduce the efficiency of the laser
shock peening process and the actual overlap rate should not exceed 0.8.

Keywords: Aerospace gear tooth root; Laser shock peening; Finite element analysis; Residual stress; Correlation law
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Fig.1 Schematic diagram of gear laser shock peening process
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Table1 Chemical composition of AlIS19310 steel (mass fraction) %
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Table 2 Gear parameters
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Fig.3 Schematic diagram of residual stress measuring positions at
the tooth surface
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Fig.4 Probe focus measurement
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Measured values of initial residual stress at the tooth

Table 3
root of the gear
fr'E 3 F1{E /MPa
3 mm 4t -251.61
7 mm 4k -266.19
11 mm %k -271.15
FEE ~262.98
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Fig.5 Pressure-time history of the laser shock peening
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Fig.6 Finite element model of laser shock peening at tooth root
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Table 4 Comparison of calculated and measured values of surface
residual stress in the tooth width direction

P T B D5 FEAE /MPa | SZI%HE /MPa | HH22 1%
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Fig.8 Comparison of residual stress distribution curve in the tooth
width direction of tooth width path with measured data
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Fig.9 Distribution curve of average residual stress at the
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Table 5 Laser shock peening process test table

T | WOLhKPRER: 0 SR EEHEE | MOBEBEEAE /mm
1 2 0.5/3 11
2 3 0.5/3 11
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4 5 05/3 11
5 6 05/3 11
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7 8 05/3 11
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13 5 0.9/11 11
14 5 0.5/3 0.9
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16 5 0.5/3 1.2
17 5 0.5/3 13
18 5 05/3 14
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Fig.10 Residual stress distribution in S22 direction under different laser shock energy
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Fig.12 Average residual stress at the tooth root surface layer and
the residual compressive stress layer depth with different energy
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Fig.13 Distribution of residual stress in S22 direction with different lap rates
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compressive stress layer depth with different overlap rates in
tooth width and tooth profile directions
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compressive stress layer depth with different spot radii in
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WANG Dayue™?, GU Jingyi’, XU Yanbin**, HU Jing"*
(1. Changzhou China Steel Precision Forging Materials Co., Ltd., Changzhou 213149, China;
2. National Experimental Demonstration Center for Materials Science and Engineering, Changzhou University,
Changzhou 213164, China;
3. Restoration Department, Changzhou Stomatological Hospital, Changzhou 213003, China)

[ABSTRACT] TAIS alloy was chosen as the experimental material. The samples were subjected to thermal oxidation
treatment in a conventional muffle furnace under air atmosphere. The effect of thermal oxidation temperature on the
microstructure and performance was studied. The microstructure, phase constituents, hardness, corrosion and wear
resistance were evaluated by optical microscope (OM), XRD, micro-hardness tester, immersion test in 36%—-38% (mass
fraction) HCI solution, friction and wear tester. The results showed that the oxidized film was consisted of oxide layer and
oxygen diffusion zone beneath, with rutile TiO, as the predominant phases along with a small amount of Al,O,, and the amount
of rutile increased with the increase of oxidation temperature. The results also showed that the surface hardness increased with
the increase of oxidation temperature of 500-800 °C , while decreased beyond 800 “C. The corrosion and wear resistance was
obviously improved after thermal oxidation, and 800 “C was the optimal temperature to improve the corrosion resistance in
36%-38% (mass fraction) HCI solution, and 700 “C was the optimal temperature to improve the wear resistance.

Keywords: TA18 alloy; Thermal oxidation; Hardness; Corrosion; Wear resistance
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Application Research and Prospect Analysis of Airborne Self-Defense Laser Weapon

YAN Yi, MU Xuezhen, ZHANG Ninghua, PENG Zhiyong, XIE Guanghui
(AVIC China Airborne Missile Academy, Luoyang 471009, China)

[ABSTRACT] One of the important application directions of airborne laser weapon is to interference and damage
the incoming surface-to-air and air-to-air missiles, in order to realize the self-defense of the carrier. The development
process, technical characteristics and operational capability of the abroad surface-to-air and air-to-air missiles are briefly
summarized, combined with the mechanism under laser irradiation, the characteristics of laser weapon’s interference
and damage to missiles are expounded. On this basis, the feasible path, capability boundary and operation mode of self-
defense laser weapon for airborne platform are analyzed and researched. The development status and trend of airborne laser
weapons are briefly described, and development route and capability level of the key technologies involved are analyzed
and evaluated. At last, the analysis and prediction of the future of airborne self-defense laser weapons are proposed.
Keywords: Laser weapon; Self-defense; Air missile; Laser damage; Airborne platform
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Fig.2 AIM-9X air-to-air missile
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