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ZHANG Shangzhou, LI Zifu, WANG Rui, et al. Effect of heat treatment on microstructure and properties of GH4061 alloy
by selective laser melting[J]. Aeronautical Manufacturing Technology, 2024, 67(17): 14-19.
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Table 1 Chemical composition of GH4061 alloy powders (mass fraction) %
Ni C Al Ti \ Cr Cu Nb Mo Fe
i 0.02 0.96 0.64 0.45 16.92 0.41 5.07 4.05 14.23
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Morphology and particle size distribution of GH4061 powders for laser melting deposition
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Table 2 Heat treatment of GH4061 alloy

T [ AR 3
As-built =

HT! 980 Cx1h

HT2 1020 C x1h

HT3 1060 C x1h

HT4 1100 C x 1h

ihgyesy s
730 °C x 15 h+650 °C x 10 h
730 °C x 15 h+650 °C x 10 h
730 °C x 15 h+650 °C x 10 h
730 °C x 15 h+650 °C. x 10 h
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Fig.5 Orientation diagram of XOZ plane of GH4061 alloy grains after heat treatment
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Fig.6 Morphology and distribution of precipitated phase of GH4061 alloy after heat treatment
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Effect of Heat Treatment on Microstructure and Properties of GH4061 Alloy by

Selective Laser Melting

ZHANG Shangzhou', LI Zifu', WANG Rui’, SUN Guangbao®, LIU Guohao®, YU Hongyao’
(1. Institute for Advanced Studies in Precision Materials, Yantai University, Yantai 264005, China;
2. Shanghai Jiao Tong University, Shanghai 200240, China;
3. CISRI-Gaona Materials & Technology Co., Ltd., Beijing 100081, China)

[ABSTRACT]

The study investigated the impact of heat treatment on the microstructure and tensile properties of

GHA4061 alloys fabricated by selective laser melting. Findings demonstrated that the as-built columnar grains experienced
epitaxial growth spanning multiple molten pools, resulting in the formation of cellular substructures. Following heat
treatment, as the solid solution temperature increased, there was a gradual shift in grain orientation towards the (101) and
(111) crystal planes. The Laves phase transitioned from elongated chains to granular forms and dissolved at approximately
1060 °C. The & phases that precipitated at grain boundaries transformed from coarse bulk structures to disc-shaped, and
eventually to short rod-shaped configurations. The average sizes of Y’ and y” phases are 23.53 nm, 24.43 nm, 25.34 nm
and 25.66 nm at solution temperature of 980 °C, 1020 °C, 1060 °C, 1100 C, respectively. The mechanical properties of
the alloys after heat treatment show significant improvement at both room temperature and 650 “C. Specifically, the tensile
strengths at room temperature and 650 °C for the sample subjected to the 980 “C solid solution aging heat treatment are
1342 MPa and 1120 MPa, respectively. As the solid solution temperature increases, the room temperature tensile strength at
1020 °C, 1060 °C and 1100 °C decreases by approximately 6.4%, 8.3%, and 10% than that at 980 °C, respectively. At 650
°C, the tensile strength at 1020 °C, 1060 °C and 1100 °C decreases by approximately 7.9%, 8.8%, and 11% than that at 980
°C, respectively, while the plasticity increases.
Keywords: Selective laser melting (SLM); GH4061 alloy; Heat treatment; Microstructure; Tensile property
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Study on Formation Mechanisms of Cracks in Laser Directed Energy
Deposition DD405 Single-Crystal Superalloys

LI Jinguo', GUO Yimo"?, LU Nannan', ZHU Hongyu"**, LIANG Jingjing", ZHANG Guangrui',
ZHOU Yizhou', SUN Xiaofeng*

(1. Shi-changxu Innovation Center for Advanced Materials, Institute of Metal Research,
Chinese Academy of Sciences, Shenyang 110016, China;
2. Shenyang University of Technology, Shenyang 110870, China;
3. School of Material Science & Engineering, Northeastern University, Shenyang 110819, China;
4. Key Laboratory for Anisotropy and Texture of Materials, Ministry of Education, Northeastern University,
Shenyang 110819, China)

[ABSTRACT] The thin-wall structure of the second generation single-crystal superalloy DD405 was fabricated by
laser directed energy deposition technology. The mechanism of hot crack formation in the process of laser directed energy
deposition was analyzed and explored by combining experiment and theory. The formation of hot cracking was determined
by stress concentration, liquid film stability and carbide precipitated phase. The residual stress in deposition region
increased with the deposition height due to the layer-by-layer stacking of the laser directed energy deposition process, so
there is a high-level tensile stress in the deposition region. Significant stress concentration occurred at the grain boundary
of the deposition region, and the liquid film was teared under the tensile stress on both sides, leading to crack initiation.
The stability of liquid film was closely related to the angle of grain boundary between adjacent grains. When the high
angle grain boundary is larger than 40°, thermal cracks will be formed under the drive of tensile stress. MC-type carbide
precipitates promoted crack initiation by a pinning effect on the liquid feed and weakening interface bonding strength with
the substrate.
Keywords: Single-crystal superalloy; Hot crack; Laser directed energy deposition; Residual stress; Thin-wall structure
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Fig.2 Schematic diagram of powder hot isostatic pressing near net forming
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Table 1 Temperature and pressure of hot isostatic pressing for common materials

[50]

IR R A R s HIPRJIEE 11/
PR s =N
pp JERT/C i /MPa HIP Y ik B/ °C By
RG4S 660 (Al) 100~627 500 100
R HA 4 1083(Cu) 60~960 800~ 950 100
WRHEE 1289(Be) 900 103
Bt iR G4 1453 (Ni) 200~ 1600 1100~1280 100~ 140
TiAl — 900~1150 35~200
Ti,Al — 925 200
L1 1536 (Fe) 500~1980 950~ 1160 100
®RHAES 1670(Ti) 180~1320 920 100
—01
i _ i i
B T — AT\
/ a B - #iC
02 c A (A B )( 0382
| o \ i 1 \ /
05 —L . _. e
. - b A/ [N\ /F
D& | \
w s N f -0 #
-4 FT l "06‘ / -"9'53 IS /
()~ 04 5/ \, 5/
3 | = =
I G .F N O3 I k
03 | - ! Fom) I g: [ H N —‘024

B 5 HXHEEN S ENE G EX R

Fig.5 Relative position relationships between simulated and actual

measurement of shrouded impellers



Powder Metallurgy Forming ﬂ*?ﬁ%ﬁi%

E 6 rEMNFZEREEHTHEL
MRiaE
Fig.6 Powder metallurgy impeller
fabricated by IMR, CAS
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Table 2 Mechanical properties of PM Ti,AIND alloys
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Fig.12 Mechanical properties of PM GH4169 alloy
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Fig.14 GHA4169 powder metallurgy component by IMR, CAS
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Application of Powder Metallurgy Near Net Shaping in Aerospace Engines

XU Lei', CHEN Xiao?, TIAN Xiaosheng', LU Zhengguan', WU Jie'
(1.Shi-changxu Innovation Center for Advanced Materials, Institute of Metal Research,
Chinese Academy of Sciences, Shenyang 110016, China;

2. Beijing Aerospace Propulsion Institute, Beijing 100048, China)

[ABSTRACT]

Powder metallurgy near net shaping (PM-NNS) technology can prepare complex PM components with

excellent comprehensive mechanical properties. The principle and advantages of hot isostatic pressing are introduced. The
research status of PM-NNS technology in aerospace engines at home and abroad is reviewed. The influencing factors and

defect control of the component preparation process are briefly described from the aspects of process route and component
development. Some research work and application of PM-NNS in aerospace engine by Institute of Metal Research, Chinese
Academy of Sciences are reported. Finally, the main problems and development directions of PM-NNS were summarized,
in order to further expand the application of this technology.
Keywords: Near net shaping; Hot isostatic pressing; Aerospace engines; Thermal induced pores; Prior particle boundaries
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Dimensions of specimens for mechanical performance tests (mm)
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Table 1 Chemical composition of TC11 titanium alloy powder (mass fraction) %
ik .
Al Zr Mo Fe Si C 0 N H Ti
Tk
il 6.4 1.4 35 | 0125 | 0.225 | 0.008 | 0.090 @ 0.008 | 0.001 | #xit
FLA ' ’ ‘ ’ ’ ‘ ’ ' ' i
EIGA =
o 6.4 1.4 34 | 0123 | 0239 | 0.013 | 0.010 | 0.012 | 0.001 | it
10
sl .
< -
=
=
0% gt
g
2 -
10 100
MARAR/um
(b) ByAKLEE 31
8-
6 -
X
¥ 4r
S
2 -
= . H . . .
e 50 100 150 200 250
AR /um

(c) Z.LHOMI

(d) BIAKLEE 25 DR E R

2 TCI SKEEMKRARAHRIKE S
Fig.2 Surface morphology and particle size distribution of TC11 alloy powder
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Fig.3 Microstructure of as-HIPed powder compacts
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Table 2 Mechanical properties of as-HIPed powder compacts
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Fig.4 Tensile fracture morphology of as-HIPed powder compacts
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Fig.5 High-cycle fatigue lives of as-HIPed
powder compacts under different maximum
stresses
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Table 3 High-cycle fatigue lives of as-HIPed powder compacts and the facture modes of
failed specimens
| [ |
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Fig.6 Fatigue fracture of as-HIPed TC11 powder compacts (maximum stress 600 MPa)
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Powder Metallurgy TC11 Titanium Alloy Via Hot Isostatic Pressing:
Preparation, Microstructure and High-Cycle Fatigue Property

GUO Ruipeng', CHENG Min*, LU Zhengguan®, XU Lej*

(1. Taiyuan University of Technology, Taiyuan 030024, China;
2. Shi-changxu Innovation Center for Advanced Materials, Institute of Metal Research, Chinese Academy of Sciences,

[ABSTRACT]

Shenyang 110016, China)

Powder metallurgy through hot isostatic pressing (HIP) route, which is a promising near-net forming

method, can fabricate high-performance titanium alloy components with complex structure for applications in the aerospace
field. In this study, TC11 pre-alloyed powder was made by electrode induction melting gas atomization method, and the as-
received powder was characterized. The powder compacts were HIP at 940 “C/140 MPa /3 h from the pre-alloyed powder.
The microstructure of as-HIPed powder compact was observed by OM and SEM, and the mechanical properties were
evaluated by tensile, impact and high-cycle fatigue tests. The effect of residual micro-pores induced by the hollow powder
with gas bubbles on fatigue life of as-HIPed powder compact was also investigated. The results show that the TC11 powder
compact is approaching to full density, and the microstructure is fine and homogeneous. The quasi-static mechanical
properties of as-HIPed powder compacts are close to or even better than those of wrought alloys. The rotating bending
fatigue strength is about 590 MPa at 10" cycles. However, the duality of the high-cycle fatigue S—N curve is observed.
The micro-pores located at the surfaces of specimens will preferentially become crack initiation sites under fatigue loading
conditions, which will further significantly reduce the high-cycle fatigue life of the powder compacts.
Keywords: Powder metallurgy; Hot isostatic pressing (HIP); TC11 titanium alloy; Microstructure; Fatigue property
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X # K R &R, RARE, Fr—uF, F. TRL,AIND G- £ KM THE T 69 20 L8 Fo b AE[J]. AL #) 8 3% K, 2024, 67(17): 50-58.
WU Jie, ZHU Xuhui, YIN Yifeng, et al. Microstructure and mechanical properties of powder metallurgy Ti,AINb alloy
prepared by hot isostatic pressing[J]. Aeronautical Manufacturing Technology, 2024, 67(17): 50-58.
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Table 1 Impurity compositions of powder electrode and Ti,AINb pre-alloyed powders

(mass fraction) %
ik ipiEae H N 0
LA FELA 0.0021 0.011 0.055
PREP ¥k 0.0031 0.020 0.069
EIGA ¥R <0.0020 0.013 0.064

Welding
area
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1 AR EERERHREXRSXYE

Fig.1 Assembly relationship and physical diagram of shrouded impeller sleeve core
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Fig.3 Morphologies of Ti,AINb pre-alloyed powders
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Fig.4 Particle distribution of Ti,AINDb pre-alloyed powders
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Table 2 Filling density and compaction density of two types of Ti,AINb pre-alloyed powders
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Fig.5 XPS patterns of Ti,AINb pre-alloyed powders
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Fig.6 Microstructure of Ti,AIND alloy powder formed under two types of powder

preparing processes
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Table 3 Phase ratio of Ti,AIND alloy formed by two types of powder preparing processes

(volume fraction) %
!/ | |
Wk B, | @ | 0
PREP | 26.21 | 10.22 | 63.28
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Fig.7 Micropore size and distribution of Ti,AINb alloys



Powder Metallurgy Forming ﬂ*?ﬁ’ﬁﬁiﬂg

HA S WALBRECE S £ A 2
FLBR %R 2 EIGA K il % Ti,AIND
BT AERE R 22 MR . P RR I
B T4 A e MERE T 45 A
8, RE N T, e T B — 2
ST A PR S %% B o AR W S R
REER AT

23 HAXMBRHERHRERZLH

BERTHE

A BR80T S A B O R A
Abaqus/CAE L 1a T S8, 4341 i 72
fdi J1] Abaqus/Standard =K i g5, Hi 4
4 1 X R P AR, BBCRA =X 1Y
1/12 JAG FRITAEA G Xt 4, 15 B
JEIAXTFR T, FEAAHE R ) 4R AH
X} BV AE M 0.68, 0y Oy 05 HUH K
1.6.1.2.56, i 5 K 1P Eix &
4 23 °C.0.1 MPa, ikt R[]k
G B R — B B9 AR
58 WA BRICASE L P =X 58 IRl
A E oL, Her ok R AR IR 5 95826 4~
PUmIARRAIC, TG EIGA Bkl %
A AL AR IR (R R N

A BRoCA A b 0° i (Gid Hpos
WL TE ) 2 HIRC R, PR OR [RS8
JEE R AR B B 4 R — 17 8 1) S B
W4 o e B & 10 FE s, AT LA & B
IRBL 45 5 SE PR AR I a3 — 2, i
B S BRICAR R B S R s T
A RCHEIZE R, Ak, K 10 H i
B H RS X R 4 Y R A
F U F2 Ak Ko 5 70N B B 0T 14 A1
BB AL HE 43 DX I, PR A B i
R0 4 2 IR A I AR, MR
i T I TR RN ) A X3, Wi
HEFRL,

RN [ i 552 285 3 3 AR E 1Y
s [] — {37 B (A 428 [ WAL 4 430 A% Xt L
i 11 iR, iT LA A e
HAA ], (HIE EIGA ¥R B i 46
FE£5 7 I AL #% i 34/ T PREP
FIWIE 4, TP
X FREEHE , SRy T (e U000 48 o, 7
RS X6} I 45 AR 1) 314 4T 43 HT
PIRRS A Wi 24 e g4 5], il LE

F4 EWEHHITERTH TLAIND GE7E 650 CTH NIRRT LE
Table 4 Comparison of mechanical properties of Ti,AINb alloy formed by two types of

powder preparing processes at 650 °C
| |
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Fig.8 Comparison of stress rupture life of Ti,AINb alloy formed by two types of powder
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Fig.9 Finite element simulation of impeller size shrinkage before and after the preparation of

two types of powders
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Fig.10 Simulated shrinkage values at different positions of the shrouded impeller
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Microstructure and Mechanical Properties of Powder Metallurgy Ti,AINb
Alloy Prepared by Hot Isostatic Pressing

WU Jie', ZHU Xuhui®, YIN Yifeng"®, SHANG Xuewen"*®, LU Zhengguan', XU Lei*
(1. Shi-changxu Innovation Center for Advanced Materials, Institute of Metal Research, Chinese Academy of Sciences,
Shenyang 110016, Ching;
2. AECC Shenyang Engine Research Institute, Shenyang 110015, Ching;
3. University of Science and Technology of China, Shenyang 110016, China)

[ABSTRACT] Ti,AINb pre-alloyed powders were prepared by plasma rotating electrode process (PREP) and electrode
induction melting gas atomization (EIGA) respectively, and the pre-alloyed powders were characterized. Ti,AINb alloy
was prepared by hot isostatic pressing (HIP) process, and the effects of powder preparing process on microstructure and
mechanical properties of Ti,AINb alloy were investigated. The experimental results show that the compaction density of
Ti,AINb powder prepared by EIGA method is higher than that of PREP method. The forming research of Ti,AINb impeller
was carried out under the regime of 1030 °C/140 MPa/3 h based on the powder metallurgy HIP near net shape technology.
The finite element simulation results show that the higher the powder compaction density, the smaller the deformation
degree of the HIPed component. Ti,AINb pre-alloyed powder prepared by EIGA with higher compaction density is
preferred to prepare powder metallurgy complex components.
Keywords: Ti,AINb alloy; Powder metallurgy; Hot isostatic pressing (HIP); Near net shape forming; Finite element simulation
(i * %)

58 RiZshliEH A - 2024455678 551710



Powder Metallurgy Forming %*Yﬁﬁm%

B XA X AR, T, IR, F. R FIM/LIFE 3F5 K 06 £ AI-Mg-Lid-£ 2 #2022 F Fy 51 58 69 % i [J]. At 2 #l i 3 K, 2024,
67(17): 59-67.
QI Miao, CHEN Cunguang, SUN Chunfang, et al. Microstructure and mechanical properties of powder metallurgy Al-Mg-Li
alloys with different Mg/Li ratios[J]. Aeronautical Manufacturing Technology, 2024, 67(17): 59-67.

ARMg/Litk 3 Kig EAL-Mg-Lig & R H:
(HEA BN FHERERI R

B o' BRTES L, ANER S, E &L FU0 X HR, X, BRERE
(1. A FAH K 3 AHARBT RIR, 7% 100083;
2. A Fm ALK FIRAEA] #5152, Pl 528399,
3. WA EHR EIE, 7% 1013005
&, TAR IR A B A RG], T4 214161)

[(BE] RABHARAEIERAFEFT EHET Al-Mg-Li 44, Fild 2B M. A LT EME. EHEL TR
P Fo AR KIS S 09 L LL LR T 2 TG S e ) AR RAT T 54T BTR T A F Mg/Li 1t (1.3.1.8.2.5) 344
SIS FESA T6 AL E T UMM E A FhaeHrh. LRBT, M%E Mg/Li ety3gin, et 5464
By AR T 5B 3G A, £ Mg L& b s it A2 B AR EAE A . 3T FHES Al-Mg-Li &4, K& Mg/Li fL a9 38 4a, &4
A Mg #947 HARR #7138 5, SRR R, /) AT TR KIS, 1R 2 285 MPa 34 /m £ 407 MPa.
2 T6 HALFJG, Al-Mg-Li 4409 5 = A8 % &' Aafe T ABLLAR, L &' 402 £ 209584048, ¥ 4 o F B4 AT,
7 T ABAE Sh R4k 246K 5 A . AP AR, 323 Mg/Li Yo 7T A3 3 Al-Mg-Li A4 04 3035 3% 5 fo IR 3% 5, A2 381 &

THRAA T T, T6 # A5 Al-5Mg-2Li 44 7T 34 |35 5% 532 MPa. & IR 5% £ 473 MPa. 3£ 1d & 4.5%,
K AI-Mg-Li &4 W R b4 S se; ABE; UL LR
DOI: 10.16080/j.issn1671-833x.2024.17.059

Wm o
HEHARE, ARAEAAHMRAEE
REAE,

B 2 PR =l PRk % g
Pt 25 A R SRR % A R 2 R R 4
PRI R H 253 K 44 A 4
AR & L N R
S B BT Tl v 2 O S P R L U A
73 LR AN ) AR 42 O0, o,
Al-Mg-Li &G & i E
B2, DR R AR B | e M A
SRR A R AP b I T 5 32
Je WO 4R, Al-Mg-Li & 4 i
DT R AN, B T AR A
ARSI Z N, AT

Al-Mg-Li & & T fg, i 58 A0k
AT ARG S T EHTH &, HER
BENERN—FEERIE T2, B
BRI 208 A R oA
A E T, AR R £ T AR &
Al-Li &4, 7] LU RIkE S ) 5 1 72
EEbIARiOE NIRRT}
P 4 ) R B R e R S A
Al-Mg-Li & 4, Mg Al Li /8 &
WA SICER, A4 a8
A e B EEY . FR 2
Mg/Li kb, BRI Mg F1 Li B9 AR X 5 &

* BETE: HEAREEIAT LI H (52271020 ) 5 HF HRRFER 4 T AT 4 i
H (92266301 ) ; [E% HRFIF-A 4 T RBGTTRITE S 2R H (92066205 ) 5 [E5 HIRFLH AL

SR EFHA (51925401 ),

20244655678 170] « B RERAR 59



- .
—— Wi FORUM

F i, b 4 O 1 B EL A SCBR RE )
Wh5E 22 B, 8% Mo/Li b mT LL k28
Al-Mg-Li & 4 1 S AR AH 2 BR L b A
RSEFIRT AT T R, E 52 0 4 1)
AL RN

SR, H AT AN [A] MolLi [
Xty K 1R 4 Al-Mg-Li & 4 i
BUJ 72 VR BRI 52 ] ) T 5% 348 AH X
B, I, AR B E B RIS
& T 24— R AT Mg/Li iy
Al-Mg-Li £ 4, &Gt 78 H W i
LU 12 REZ B E R o

1 WREF*E

AT WA [ Mg/Li e /Y
Al-Mg-Li &4 1 B 48U 1241
e, AN R B ARG 40kl 46 1 3
FRTE] Mg/Li ELif & 4, B ink 1
FiR. G, Bk 2 um RS
AR Rife <15 pm /Y Al-3Li ¥
K, VAR RLAE N 15 pm 1 Al-Mg &
S R LA TRC L . FERG N
240 r/min A EREEREENL I, 9E17 12
h BUBEREEIEMASKEI LR 4+ 1 B9
RO IR G o BREE IS MR R
JESMNE 1R, KR # AR BRI
B R, 20343 AN R AR, =
1 (a) iR, SEBOULAK R IEAT A
A3 HE, E L (b))~ (d) iR, IR
HIERE T A Al-Mg-Li KK .
TRAG 85 v S5 HOR R A T 45 1
R, fEEZ KM, R AT
600 C k4. B 7E 400 CF X}
B4 J5 AR A TG R A9 8 R m
U TEHG H SR BUENE R A A
%o BIREA SR ERY N 15
mm, #E R 16 0 1, X5 kR
HEAT T6 b I, P T2 : 500 C
%5 40 min, 7K ¥ % % i, 180 C A
8 h,

R IR A AT A Gy =
s MLARATT S I R 47 HLAR I D' 25 TG B
WARE. SRJ5 T H Keller 7] (95
mL H,0,2.5 mL HNO;,1.5 mL HCI,
1 mL HF ) #E17 Ak 2542 1k, 4= (e )

60 Wiz MEEEA - 202445 678 551710

R 45 s, H 7 kST A L
%% (FESEM, ZEISS SUPRA™ 55, fi
[ ) & AEiE 4 (EDS ) %} Al-Mg-Li
AW R 2 R AR W 1 3T 5
By, FE414E T 1000 1% K2 5000 51
SEM Elf&. N T TS S B
5% (TEM, Talos F200X, 5[ ) W<,
FE B 0T S 2 30 pm JEE, SR )5
20% 75 S TR F 80% H LA MR 7 T 3L
WL RO, IF7E 200 KV AR,

687 FH ] 3 K A HE K 0 e
BEEMEIREE, 5% T
X HI MR Z5 IR A . D75 B
EI/‘JH{”JE Po>s B

m, x p,
:m—% (1)
RP, p KRS, g/em® s moAiR
FEEZ SO REMS R R, g5 m,
S RE e iR AR T T, g

0

el FH 20 gt 7 3 56 UL WDW-
200D (P ) 7E = T L1 mm/min
() B AT AP . AT R U
L KAEHLIEAT 0 T, 0 T oA v i 4
HIEPREE, iR 2 iR, AT
Fe— BT R, AR 2 i
7 3 UCPLAAE

2 ZR5itE
2.1 Mg/Li EEX5REEZS Al-Mg-Li
AENEm
XF BE G I 1 1#~3# BE S OE AT
XRD ik, 25 K 3 iR, 4
SHESH o-AL F1 8 CAlLI ) AHZH AT .
2# 1 3 & & K L 2 o-Al
F 8T CALLD) AHAL R (H L T T 48
(AlLMgLi) 1, 7T LLE H, 24 MglLi
R 1.3 B, Mg JG % LA E 3 IE A7

®1 TFE Mg/Litbh A-Mg-Li 5E&RBSRESH)
Table 1 Composition of AI-Mg—Li alloys with different Mg/Li ratios (mass fraction) %

Mg/Li Mg
1.3(1#) 2.6
1.8(2#) 3.6
2.5(3#) 5.0

Li Al
2.0 Sy
2.0 At
2.0 F s

5 10 um

e

(c) 1 (b) HMgITR M1

10 pm
|

Al-K
(d) K1 (b) PADCESMI

B 1 #3% SEM R EDS EiAE%&
Fig.1 SEM and EDS images of powders



Powder Metallurgy Forming ﬂ*?ﬁﬁm%

T AL G &3 I L ek £
LA & M BT I N AEAE . BRI Mg
AT LA Li 78 AL PR E B, D4t
TEBK I Mg/Li FER, &' A I B H
2330, Bl MalLi FLRYSE N, 35845
Mg 55— 43 Li KR JE B AlMgLi
AR, A T8 A A R, X se g
FHH, Mg/Li LT A 4 1 Al iR 25 4
FIAR L AT 3 (52 ] o 3 5 1
Mg/Li L, AT DA 5 v AN [ A Y
Tk, NI G 4 B P RESEA TR A1
itk

AN, ARIEH Mo/Li bt % pe 4k
SRR AR T i R, B R RN S
PRz EENe 2 R, HPEe =

prﬂiezzlpi% (2)
K, p AR T IEE; t b A4
JCEMECE ; n HICE | RS n
SR B BEIREL

FESEM B BRI R B 1

P
:DIE'H'Z

K, p B HEf T

4 Mg/Li He ol 1.3 0, &4 A
X% Bl 88%. B & MglLi L ()3
I, B 4 R RE RT3 Bt 28 S 14 i, >4
Mg/Li HikF] 2.5 I, &4 AR5 BE
H91%, TR, FEMRIGE T
Hl R i B v, S TE R — S E R
Al-Mg 4 il 25 Mg 1T DL 3k 28 32
il ST E R — AR A YR,
54 E - A Ftm & AR, A
TR A, (e vk best e B9,
I, B Mg/Li b B3, A 4 i ke
2 5 P AR N Y . IR % MolLi L
XA 4 as e HoA R

&l 4 &[] Mg/Li HLBa 4 ke
SEM El. FIUIHE ), A 58 3%
B Al-Mg-Li & 4, BT PB4 1 i
ERAEAESFLIR , L B AF AR 53 M A kL
5k 2 R K o R Fh A i B
%, W& Mo/Li ey, Mg i1
AL JE 7 o) kL 45 A K R,
g roe e 1 N T N [ N o o ) 7 N

H= (3)

e TR Z R ka5, MglLi Ly
IS e e W R SR e y'e
Fo MIEE S IETT Mo/Li L], il L
S 4 R R R RE A o
2.2 Mg/Li L3 #5FEZ Al-Mg-Li
R Al
HR A8 &1 5 Fr 7 B9 AN [R] MglLi L
B ERE LB H SEM &L, 1] LA

G EFEHREIRE T E 2N
WRAS I BAEG G R B TR BT R
Dy RS A . AT LA & B, 2
Mg/Li tboR 1.8 B (2# 542 ), &4 i
SR I T AN A, B Mg/
Li LAy n, [ ekl i R/ N R A R
A PN, It H 2 E R

Ryt M —Hr AR, X 34

£ | 002
R5 $5+0.03
() $0.03 | A
$10 2 %
25 0
N i
- 15 30 15
70
2 fufpidER(mm)
Fig.2 Tensile specimen dimensions (mm)
o Al —~
® AlsLi B *
v Al,MgLi = y
. Fn
. E Y
=
> e 25 30 35 40 45 50
s . 20/ (°)
2 1 I
2 34 }[ °
] -
=
2% ﬁ ‘
1#
| N
10 20 30 40 50 60 70 80 90
20/ (°)
B 3 KSR XRD EiE
Fig.3 XRD pattern of sintered samples
R 2 AFE Mg/Li tb# Al-Mg-Li A& REHZE

Table 2  Sintering density of AlI-Mg—Li alloy with different Mg/Li ratios

54 P! (glem®)
1# 2.47
24 2.45
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Microstructure and Mechanical Properties of Powder Metallurgy Al-Mg-Li
Alloys With Different Mg/Li Ratios

QI Miao', CHEN Cunguang™?, SUN Chunfang™®, LI Xin*, YANG Fang"**, LIU Qiyuan®,

LIU Xinhua', GUO Zhimeng"*

(1. Institute for Advanced Materials and Technology, University of Science and Technology Beijing, Beijing 100083, China;
2. Shunde Innovation School, University of Science and Technology Beijing, Foshan 528399, China;
3. Beijing General Automotive Research Institute, Beijing 101300, China;
4. \Wuxi Paike New Materials Technology Co., Ltd., Wuxi 214161, China)

[ABSTRACT]

Al-Mg-Li alloy was prepared using powder metallurgy and hot extrusion methods. The microstructure,

fracture morphology and mechanical properties of the alloy were analyzed using metallographic microscopy, scanning
electron microscopy, transmission electron microscopy, and a tensile testing machine. The effects of different Mg/Li ratios
(1.3, 1.8, 2.5) on the microstructure and mechanical properties of the alloy in the sintered, extruded, and T6 heat-treated
states were investigated. The results revealed that an increase in the Mg/Li ratio led to an increase in the relative density
of the sintered alloy, indicating the promoting effect of Mg on the sintering process. For the extruded Al-Mg—Li alloy,
as the Mg/Li ratio increased, the precipitation of Mg-containing phases gradually increased and clustered near the grain
boundaries, resulting in improved mechanical properties, the tensile strength of which increased from 285 MPa to 407 MPa.
After T6 heat treatment, the second phase in the Al-Mg-L.i alloy mainly consisted of &' phase and T phase. The &' phase, as
the main strengthening phase, was uniformly distributed in the aluminum matrix, while the T phase exhibited a chain-like
distribution along the grain boundaries. Increasing the Mg/Li ratio enhanced the tensile strength and yield strength of the
alloy, but it may lead to a decrease in elongation. For instance, the AI-56Mg-2Li alloy after T6 heat treatment exhibited a
tensile strength of 532 MPa, a yield strength of 473 MPa, and an elongation of 4.5%.
Keywords: Al-Mg-Li alloys; Powder metallurgy; Mechanical properties; Hot extrusion; Microstructure
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Z4ki2: (EIGA ) MEAE SRS L
% (VIGA) il £ Inconel 718 Fil & 4>
WA, EIGA i %A b B2 h
EG500, AR BE AT 34 150 °C, i
AT 2 60 KW 5 VIGA 441 1R
J£ o4 1690 °C, f4 i IR B 2 1200 °C.
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RS RS A P Rl il B3 T2 204K
3B TR A0 AR 1 Ak 22 B A3 2E 7l
ko TA AL /34K Partica
LA-960V2 HOGHLE KA 53 A1 43 B X
WM SR L S Al B I 22
Fhiilky T2 05 AR IS

1E RD (Z)—-1-850 FIHAE#
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HEFTARERAL B ([ A0 HE + 35 dch
), AL I 5 Ry R IR 4 KCTL-
300 /= i AL B4, SR ] TESCAN
MIRA4 %37 % 5 49 4 i 5% 2 1iF 4
R IY SN R TR AN S ET RN =2
il 8 7 SR FHER I D) B A Ak 2
J5 10 mm x 10 mm x 5 mm [# k£ 5
HEF TR MU 7 SRR &
Ji& i (35 g FeCl,.100 mL £57% .40
mL 2 10 mL SR A1 40 mL &
Bk g 15 s £ A, B bR
AL F S (38 4 BRI T B AR
5 mm AR 30 mm 1) M10 Fi At i
TE CMT5305 HL F J7 HE 2t 56 AL ) X
ZEIRBPERE , 75 SDGL 300/1100 AL
2% F 650 CHI Sy EfE, H
A ERHIN T 10 mm x 10 mm x 55
mm (U B %R EE R 2 mm) K
1A o iy 3R, 75 SANS-ZBC2452-C
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2 ZR5iTE
2.1 &I TEXT Inconel 718 5 &1
=AY
WA S A IEREHE TN
JECRA R}, L 0T o L 42 R ) S 6 A
R B B AR & 4 1 2#
fie, 2 1 MWIFh T 2541 & 1Y Inconel
718 A 4 R b2 AR 3o
Pl T 4ok R A2 SR R o3 5
A —F, b B B AR R R 1Y
HEARIR, EIGA ¥y AR EUT 2 4080 h

®1 AREIZH % Inconel 718 A EMARIILER D (REHE)

Table 1 Chemical composition of Inconel 718 pre-alloyed powders by different processes (mass fraction) %

iy e € Mn Si S Cr Mo Co Nb Al

EIGA 0.055 0.04 0.16 0.0011 18.76 3.05 0.01 4.85 0.51

VIGA 0.041 0.03 0.12 0.0013 18.76 3.04 0.02 4.85 0.53

FriE <0.08 <0.35 <0.35 <0.015 17.0~21.0 2.80~3.30 <1.00 4.75~5.50 0.2~0.8
ik T2 Ti Fe Ni B Cu Mg o] N H

EIGA 0.91 A 52.9 0.001 0.10 <0.001 0.014 0.014 <0.0010

VIGA 0.99 A 53.4 0.001 0.10 <0.001 0.015 0.017 <0.0010

it 0.65~1.15 N 50.0~55.0 0.015 <0.30 <0.01 <0.09 <0.035 <0.01
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1 Inconel 718 & £ MARIES

Fig.1 Powder particle size distributions of Inconel 718 pre-alloy powders

(a) EIGA

2 Inconel 718 FIA & MFRE SEM Bl
Fig.2 SEM images of Inconel 718 pre-alloyed powders

(b) VIGA
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Fig.3 Microstructure of powder metallurgy Inconel 718 alloy with different powder

(d) K3 (c) A, BXIEREDSZH

processing techniques

Rx2 AEHHBILEMERIAE Inconel 718 §& S1FMERE
Table 2 Mechanical properties of powder metallurgy Inconel 718 alloy with different powder
processing techniques
' '/ ! ' | |

PO RT 650 C ikl
o KU2/J
UTS/MPa | YS/MPa | EL/% | UTS/IMPa | YS/MPa | EL/%
E&4 1346 1035 17.5 1059 900 115 35
VaE 1369 1064 125 1081 922 75 24
Bl =1275 =>1030 =120 =1000 =860 =120 =30
Powder | Dyo/um | Dso/um | Dgo/um | Oxygen mass fraction/x10°
P, 15 32 59 150
P, 57 78 107 100
Ps 103 142 196 94
P, 18 49 96 140
25
—&— Py 15~53 um
20+ —o— Py 53~106 pm
X —0— P3: 106~250 um
g —a— P, 15-106 pm
s 15
5]
E=l
[}
g
=
o
>

200 300
Particle size/um

4 TInconel 718 FI& & MARMES T

Fig.4 Powder particle size distributions of Inconel 718 pre-alloy powders
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(d) A

5 AEREMKRBFMAKIASE Inconel 718 & BMALR

Fig.5 Microstructure of powder metallurgy Inconel 718 alloy with different particle sizes

F3 FAEREMREFEHFRIAS Inconel 718 H & J1F AL
Table 3 Mechanical properties of powder metallurgy Inconel 718 alloy with different particle sizes
' '/ ! ' | |

RT 650 °C EiRvh
a4 +
UTS/MPa = YSIMPa = EL/% | UTS/MPa  YS/IMPa = EL/% KU2/J
A, 1294 1054 225 1075 889 15.5 38
A, 1311 1051 17.0 1088 903 12.0 22
A, 1259 1048 5.0 1024 887 15 11
A, 1277 1035 22.5 1041 871 14.0 38
Beff: =1275 =1030 =12.0 =1000 =860 =12.0 =30
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Fig.6 Finite element grid division
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Fig.8 Cloud diagram of relative density for
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Table 4 Mechanical properties of shaped envelope forming powder metallurgy Inconel 718 alloy

RT 650 °C

&4

UTS/MPa = YS/MPa EL/% UTS/MPa = YS/MPa EL/%
A-L 1355 1043 12.0 1123 899 75
A~ 1343 1030 11.5 1117 896 8.5
A-TF 1354 1009 135 1122 909 85
AL 1363 1061 15.0 1107 893 7.0
A~ 1336 1031 22.0 1093 876 12.0
A~T 1327 1034 225 1089 872 12.0
Beff =1275 =1030 =12.0 =1000 =860 =120
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Hot Isostatic Pressing and Influencing Factors of Inconel 718 Alloy Powder

TIAN Xiaosheng', CAO Yao®, XU Lei'
(1. Shi-changxu Innovation Center for Advanced Materials, Institute of Metal Research, Chinese Academy of Sciences,

Shenyang 110016, China;

2. Beijing Aerospace Propulsion Institute, Beijing 100076, China)

[ABSTRACT]

Inconel 718 pre-alloy powder was prepared using the electrode induction melting gas atomization (EIGA)

and vacuum induction melting gas atomization (VIGA) methods. Inconel 718 alloy was prepared using hot isostatic
pressing (HIP). The effects of milling process, powder particle size, and capsule structure on the microstructure and
mechanical properties of Inconel 718 alloy were studied. The results show that EIGA powder has better sphericity, and the
mechanical properties of the forming alloy are better than those of VIGA powder. Considering the mechanical properties,
powder yield and other factors, the powder with particle size range of 15—106 um was selected as the hot isostatic pressing
powder. The wall thickness of the capsule has a shielding effect on the effective stress acting on the powder. The change
of cavity volume has little effect on the densification process. Long term vibration during the powder filling process can lead to
particle size segregation, and it is necessary to control the vibration frequency and time during the powder filling process.
Keywords: Inconel 718 alloy; Hot isostatic pressing; Powder particle size; Powder preparing process; Capsule structure
v X))
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Material Configuration Optimization Method Based on GRU Neural Network and Genetic
Algorithm in Aircraft Assembly Stations

ZHANG Qi', JIANG Changjian®, HAN Jiawei', LIU Jinwei'
(1. AVIC XAC Commercial Aircraft Co., Ltd., Xi’an 710089, China;
2. Northwestern Polytechnical University, Xi’an 710072, China)

[ABSTRACT] The assembly station is the basic management unit of the aircraft assembly line. Due to the complicated
process of aircraft assembly and a large number of random disturbances, its managers need to frequently optimize the
material configuration of the aircraft being processed. To this end, an optimization method based on the gated recurrent unit
(GRU) neural network and genetic algorithm was proposed. In order to overcome the limitation of discrete event simulation
in terms of efficiency, a simulation agent model of material configuration evaluation based on GRU neural network was
constructed by taking the simulation historical data as the learning sample. The model took the material configuration as the
input, and took the estimated completion time and the average residence time of key materials as the output. The simulation
agent model was combined with the genetic algorithm as the objective function evaluation model to realize the global
optimization of the material configuration. The simulation verification results show that the simulation agent model based
on GRU neural network can accurately and efficiently evaluate the material configuration, and the output optimization
configuration can effectively shorten the estimated completion time and average residence time.

Keywords: Assembly station; Material configuration; Discrete event simulation; GRU neural network; Genetic algorithm
DOI: 10.16080/j.issn1671-833x.2024.17.078
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Table 1 Comparison of the simulation agent models

Gititm | BUPETMEE | CHARTMRIRER,
R MES | UIZntiEs  MES | Il

FRERNN | 11450 14.803 0.3701 18.114
GRU 1.1053 42,936 0.3415 30.362
LSTM 1.1077 62.282 0.3401 70.211
BPNN 16342 11.126 0.4585 7.847
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Table 2 Simulation verification of optimization results

_— RS o T5E TtE E, DGR A B HIR
{5 B IE/d PeAb L fil1% i B IE/ fLAk Lt 51/%

1 w,=0.8, W,=0.2 31.48 3243 7.42 0.80

2 w,=0.6, W,=0.4 38.19 18.03 6.30 15.78

' 3 w,=0.4, W,=0.6 4381 5.97 4.01 46.39
4 w,=0.2, W,=0.8 46.29 0.64 2.73 63.50

5 w,=0.8, W,=0.2 37.06 20.46 7.07 5.48

6 w,=0.6, w,=0.4 39.80 14,57 6.59 11.90

? 7 w,=0.4, W,=0.6 4354 6.55 4.82 35.56
8 w,=0.2, W,=0.8 46.37 0.47 372 50.26
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LI Guojun, CHEN Xiaolei, YE Zhisen, et al. Simulation and experimental research on workpiece vibration-assisted
electrochemical machining of square holes with tube electrode[J]. Aeronautical Manufacturing Technology, 2024, 67(17): 83-92.

THREEERREEMTAILGES KRR

SEZ BB IR ok g, BT
(L. ;AT XFhE S L4255, 5 ) 510006;
2. ;M WAL B AR A EE T 5 EEE, S 510006;
B AILRFEREAMFLTHERRERERARE L LR E, )/ 510006)

[FEE] AT R Ty L2 F B 5A R R TR E £ 5 P, 32 8 —F TR 38 E B AR
o Ly SLA T ik AT B R AR, T VRSh AR BY & iR e TAE 45 A8 e TR MR R R4 B 75 A 0A R a9 BREN IR,
PCE-m ) P 69 o R AL B R A, B RO IR AR S b g e oy 3L P e T BR R A A6 “ ek R, A A A Tl AR
W HE R RA B e e AE R M. BB TR IR, 5 R A, SRR TS A BB AW i e T T AR I 7 AL
i T B AR B A R B R E, S R AR AT AR —FRA G ILm TR E . xR AR 0.04 mm.IkIR 20
Hz. Bk b = 1b 80%. Bk ok 47 & 5000 Hz. #t £-3% & 1.5 mm/min, /= T 8 34 58 & 1.218 mm. & E A7 4R £ 0.026 mm.
) BE & EAkE E 0.703 um #55 3L.

KR FIL; R EB; B RAR; M T (ECM) ; 15 R

Simulation and Experimental Research on Workpiece Vibration-Assisted Electrochemical
Machining of Square Holes With Tube Electrode

LI Guojun®™?, CHEN Xiaolei"*® YE Zhisen"?, ZHANG Yongjun*?*? GUO Zhongning"*°®
(1. School of Electromechanical Engineering, Guangdong University of Technology, Guangzhou 510006, Ching;
2. Guangzhou Key Laboratory of Nontraditional Machining and Equipment, Guangzhou 510006, China;
3. State Key Laboratory of Precision Electronic Manufacturing Technology and Equipment,
Guangdong University of Technology, Guangzhou 510006, China)

[ABSTRACT] In order to solve the problem of poor processing quality caused by uneven distribution of flow field
during the process of square holes by electrochemical machining (ECM) with tube electrode, a method of workpiece
vibration-assisted ECM of square holes with tube electrode is proposed. The results of flow field simulation indicate that
workpiece vibration-assisted ECM can generate obvious pulsating flow fields at different positions within the machining
gap, improve the electrolyte flow state within the machining gap and effectively eliminate the stagnant water area within the
machining gap in the traditional ECM of square holes, thus facilitating the discharge of electrolytic products and improving
the stability of ECM. The experimental researches were also conducted at the same time, and the results show that the use
of workpiece vibration-assisted ECM with tube electrode can improve the contour accuracy and surface quality of square
holes machining, and the use of pulse current can further improve the quality of square holes machining. Finally, a square
hole with an average width of 1.218 mm, width standard deviation of 0.026 mm, side-wall surface roughness of 0.703 um
was electrochemically machined by using the amplitude of 0.04 mm, the vibration frequency of 20 Hz, the pulse duty cycle
of 80%, the pulse frequency of 5000 Hz and the feed speed of 1.5 mm/min.

Keywords: Square holes; Vibration-assisted; Tube electrode; Electrochemical machining (ECM); Simulation

DOI: 10.16080/j.issn1671-833x.2024.17.083
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Fig.1 Schematic diagram of workpiece vibration-assisted ECM of

square holes with tube electrode
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Fig.2 Schematic diagram of simulation model of workpiece
vibration-assisted ECM of square holes with tube electrode

FLARIRA T

LR R 11

xx0 Y

3 IRz ERRBERN T AL MEEETEE

Fig.3 Schematic diagram of mesh model of workpiece vibration-

assisted ECM of square holes with tube electrode
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Table 1 Simulation model parameters
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Fig.4 Velocity contour diagram of electrolyte under different
ECM methods
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Fig.7 Square tube electrode with outer-wall insulation
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Table 2 Test parameters
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ik i 2 el % 80
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LR EYS (mm - min™) 09,1.2,15,18

P A/mm 0.04

IRBIASHZ 20
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Fig.8 Cross-sectional photographs of square holes under different ECM methods
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[HE] KAREWESTRFRAGHEIKS R, BT AR 69 #F 3 EH FEHE&T FGHIT 54, FF 5 T k&t
FGHO7 &4 /1 F a0 H oo Pl X T W4l A5 & FGHI7 &2 wydifhtht, AL T H KA &2 MR 4
AR o, 2R R, KR A S WA AR F 4% (Macuum induction melting gas atomization, VIGA) x4 &894 K, tashy
KEES, &M eeham, RHINELY. & SIHF TR A2 T AR Y K, Hrah K 6L
&y AR FGHOT7 A&t bk . A5 3 R 569 FGHOT 44 F 1B E b & % 9.5%, 650 CHyEAb & % 1%, FGHI7 44
23 B + PR E )G, AR P A9 Y RIH &, FGHO7 44 ey 13 3] B %R H, FGHO7 &4 &Rt fh R429 £
14.25%, 650 °C #4934 F 42 A £ 6%,

KR K Jdh; FGHIT &4 A #IE; /15 At BB R

Effect of Inclusions on Microstructure and Mechanical Properties of
Powder Metallurgy FGH97 Alloy

ZHU Zhanli*?, LU Zhengguan®, LIANG Yu'
(1. Shenyang University of Chemical Technology, Shenyang 110142, China;
2. Shi-changxu Innovation Center for Advanced Materials, Institute of Metal Research, Chinese Academy of Sciences,
Shenyang 110016, China)

[ABSTRACT] Two batches of powders with different levels of inclusion were prepared by the same hot isostatic pressing
regime to produce FGH97 alloy, and the effect of the difference in the content of inclusion on the mechanical properties
of FGH97 alloy was studied. The tensile properties of FGH97 alloys were tested, and the powder characteristics, alloy
microstructure, and tensile fracture morphology were characterized. The results show that, the powder prepared by vacuum
induction melting gas atomization (VIGA) method is denoted as powder, which has the characteristics of fine powder
collection rate, small grain size of prepared alloy and easy to introduce inclusions. The abnormal particle inclusion of Si-
rich will lead to the formation of poor Y’ zone in alloy, affects the bonding between powders and reduces the plasticity
of FGH97 alloy. At hot isostatic state, the FGH97 alloy has an elongation of 9.5% at room temperature and 1% at 650
°C. FGH97 alloy was heat treated by solid solution + aging heat treatment, the poor Y’ zone in the matrix disappears, and
the plasticity of FGH97 alloy is significantly improved, the room temperature elongation of FGH97 alloy is increased to
14.25%, the elongation at 650 C is increased to 6%.

Keywords: Inclusions; FGH97 alloy; Hot isostatic pressing; Mechanical property; Microstucture and morphology
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Table 1 Chemical composition of two groups of FGH97 alloy powders (mass fraction) %
T Ni @ Al Mo Nb Hf Si
P1 A 0.056 5.05 3.93 2.39 0.23 0.10
P2 N 0.039 5.09 3.94 2.62 0.31 0.03
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Table 2 Gas elements content of FGH97 powder in two groups

(mass fraction) %
i o] N H
P1 0.0074 0.0120 0.0002
P2 0.0120 0.0063 0.0003

50 pm ™y

(b) P2EYAR

1 T4 FGHOT MR MR
Fig.1 Morphology of two groups of FGH97 alloy powders
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Fig.2 EDS point position of two groups of FGH97 alloy powders
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Fig.3 Particle size distribution of two groups of FGH97 alloy powders
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particle boundaries, PPBs ), M\l 4 (¢ ) Fra] 1, 28 vk
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Fig.4 Metallographic photographs of two groups of FGH97 alloys
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5 WAALEZ FGHY7 A4 H EBSD RIE
Fig.5 EBSD characterization of two groups of heat-treated
FGH97 alloys
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Fig.6 BSE photo of FGH97 alloy (P1)
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Fig.7 Mechanical properties of two groups of FGH97 alloys at

room temperature
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Fig.8 Mechanical properties of two groups of FGH97 alloys
at 650 °C
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Fig.9 Fracture morphology of two groups of FGH97 alloys at room temperature
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Fig.10 Fracture morphology of two groups of FGH97 alloys at 650 °C

20244E 5678 1710 - At G EEAR 99



»

I RESEARCH

Wit

(¢c) 650 CWr I Z=SEMIA

(d) 650 CIH I Je 2 BSEK

11 FGH97 (P1) & €W O4k EDS S &
Fig.11 EDS point position at the fracture surface of FGH97 alloy (P1)

F3 WHLREY EDS mPHER(RESH)

Table 3 EDS spot scanning results of inclusion at the fracture (mass fraction)

%

(VAS C Si Mo w Nb Hf
N, 13.54 8.25 1.74 1.13 4.15 0.30
N, 9.38 3.88 18.17 20.82 3.14 0.30
N, 7.04 3.80 19.91 22.24 2.54 0.55
Ny 7.96 9.65 2.12 1.21 5.04 0.71
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Research on Sub-Pixel Detection Method of Riveting Height Difference Based on Optimized
Hough Transform
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[ABSTRACT] A sub-pixel detection method of riveting height difference based on optimized Hough transform was
proposed for the detection of aircraft riveting height difference. Firstly, the collected riveting height difference image was
enhanced by gray scale transformation method of point operation in spatial domain, segmented by the local threshold
segmentation method. Then, Canny operator edge detection was used to extract rough edges and the optimized Hough
transform was used to extract sub-pixel edge, and the ring region of rivet hole and rivet head is extracted. Finally, the circle
fitting was carried out with the RANSAC algorithm to generate the circle contour, and the average height values of the inner
and outer ring regions were respectively extracted by the operator get_current_region_z( ). Then the height difference of the
riveted surface can be obtained by the difference of the average height obtained by the function height Z(). Experiments
show that the detection method has strong sub-pixel accurate positioning ability, high accuracy, good stability and repeated
measurement accuracy of £10 pum.

Keywords: Riveting height difference; Gray scale transformation; Threshold segmentation; Hough transform; Sub-pixel
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WU Zhijie, WU Yunxin, HE Peng, et al. Calculation of quenching surface heat transfer coefficient of TC17 titanium alloy based
on improved concentrated heat capacity method|[J]. Aeronautical Manufacturing Technology, 2024, 67(17): 109-114.
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B AZ BRI BB ST IRAF . R m e R B RA RN B AR B B A Pk 3 K, [ XTI A AR
o)y, JE 5 50 s A BEAE 1299 W/ (m* + C), sbid i K @B & A 355 C. Hrikh 2 HARNFAEALR P #HATRE
T IE, 4R 5 TR v & S BUF, T3tz 20 1.4%.
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Calculation of Quenching Surface Heat Transfer Coefficient of TC17 Titanium Alloy Based on
Improved Concentrated Heat Capacity Method

WU Zhijie"?, WU Yunxin“? HE Peng"? YUAN Zhongyu"’
(1. Research Institute of Light Alloys, Central South University, Changsha 410083, China;
2. State Key Laboratory of Precision Manufacturing for Extreme Service Performance, Central South University,
Changsha 410083, China)

[ABSTRACT] Surface heat transfer coefficient is an important boundary condition for numerical analysis of TC17
titanium alloy quenching. Its accuracy will affect the distribution accuracy of quenching temperature and stress field.
Based on the dynamic measured temperature drop curve of deep buried thermocouple, the heat transfer coefficient of TC17
titanium alloy quenched surface is calculated by using the improved concentrated heat capacity method, and the reliability
of the results is verified by numerical simulation. The results show that there are three main stages in the process of TC17
titanium alloy water bath quenching: Steam film stage, nucleate boiling stage and convective cooling stage. The surface
heat transfer coefficient increases rapidly in the steam film stage and nucleate boiling stage, and then decreases gradually in
the convective cooling stage. The surface heat transfer coefficient reaches a peak of 1299 W/(m® + °C) at the 50th s, and the
quenching surface temperature is 355 “C. The calculated results are in good agreement with the measured temperature drop
curve, and the average relative error is only 1.4%.
Keywords: TC17 titanium alloy; Surface heat transfer coefficient; Water bath quenching; Improved concentrated heat
capacity method; Numerical verification
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Fig.1 Schematic diagram of workpiece temperature layer
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Table 1 Main chemical composition of TC17 titanium alloys
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Fig.2 Microstructure of TC17 titanium alloy
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Fig.5 Temperature drop curves of quenched samples
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Fig.6 Calculation results of heat transfer coefficient
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Development of Deformation Correction System for Edge Strip Composite Parts
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[ABSTRACT] Composite materials have high specific strength, specific stiffness and designability, which have been
widely used in aircraft manufacturing. However, due to the influence of springback deformation and other factors, the
geometric accuracy of parts is low, and the problem of composite material deformation correction urgently needs to
be solved. Aiming at how to standardize and rapidly build the mathematical model of composite material deformation
correction process, this paper put forward the automatic tracking, the discrete points and so on to assist the generation
of contour surface, proposed the merge sort method, interpolation search algorithm and so on to assist the generation of
inner surface. Some surface processing methods used in mathematical model construction were listed, and the deformation
correction system of composite parts was developed under CATIA environment. The overall efficiency is improved by
734.5% after modification, which shows that the method can construct the technological mathematical model efficiently and
normatively, and improve the generation efficiency of technological mathematical model.

Keywords: Composite materials; Deformation correction; Merge sort; Surface processing; Interpolation search
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