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Co Cr

20.7 20.1 20.0

Mn Ni

19.9 19.3
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Effect of Shot Peening on Fatigue Performance of CoCrFeMnNi
High-Entropy Alloys

GAO Yukui, ZHENG Xiangyuan
(Tongji University, Shanghai 201804, China)

[ABSTRACT] The increasingly stringent service environment poses higher requirements for the future application of
high-entropy alloys in the aerospace field. Shot peening technology can refine grain size, improve material surface integrity
and fatigue performance. The impact of shot peening on the fatigue performance of CoCrFeMnNi high-entropy alloy was
investigated. Ceramic beads were utilized for shot peening treatment, and surface residual stresses were measured using
X-ray diffraction. Rotating bending fatigue tests were conducted on the specimens. The results revealed that shot peening
induced residual compressive stresses on the surface of the CoCrFeMnNi high-entropy alloy, with a maximum value of 437
MPa. At a stress level of 450 MPa, the fatigue life of the CoCrFeMnNi high-entropy alloy extended to approximately 12
times that of the untreated specimens, with the fatigue limit increasing from 245 MPa to 400 MPa. The fatigue performance
of CoCrFeMnNi high-entropy alloy was significantly improved by shot peening. Additionally, Shot peening treatment
changed the crack initiation location of high-entropy alloy specimens. Fatigue cracks in the shot-peened specimens initiated
in the subsurface layer beneath the material surface, while in the untreated specimens, fatigue cracks originated at the
material surface.

Keywords: CoCrFeMnNi high-entropy alloys; Shot peening; Residual stresses; Fatigue life; Fatigue endurance limit
(Vi hE)
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Fig.13 Robot motion trajectory under
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variable admittance
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Variable Admittance Adaptive Active Fault-Tolerant Control Method for

Industrial Robots

WANG Jun, MA Di

(Lanzhou University of Technology, Lanzhou 730050, China)

[ABSTRACT] A variable admittance adaptive active fault-tolerant control method based on position control as self
disturbance rejection was proposed for industrial robot systems affected by external disturbances, actuator failures, and
environmental disturbances. First, an auto-disturbance rejection controller was designed to achieve position tracking while
eliminating the impact of external disturbances on the actuator. Second, in order to obtain accurate internal fault information
of joints in actual operations except for external disturbances, an adaptive active fault-tolerant mechanism was introduced
on the basis of position control to detect and compensate for faults that occur during the robot’s control process. Finally,
a variable admittance controller was used to optimize the end flexibility performance of the robot by adjusting admittance
parameters online to improve the stability of the robot system. After simulation verification, the proposed method can
effectively improve the fault tolerance and flexibility of industrial robots, and has good robustness and reliability in the
robot control process, providing new ideas and methods for the intelligence and automation of industrial robots.
Keywords: Industrial robot; Position tracking; Auto-disturbance rejection control; Active fault-tolerant control;
Variable admittance control
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XU Jinhu, TANG Xinyu, XU Kun, et al. On-machine accuracy measurement method for chemical milling engraving lines

based on laser profiler[J]. Aeronautical Manufacturing Technology, 2024, 67(18): 28-36, 59.
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On-Machine Accuracy Measurement Method for Chemical Milling Engraving Lines Based on
Laser Profiler

XU Jinhu, TANG Xinyu, XU Kun, JI Yulei, Bl Qingzhen
(Shanghai Jiao Tong University, Shanghai 200240, China)

[ABSTRACT] Laser engraving process for chemical milling is an important way of aircraft skin machining, but there
is still a lack of measurement method. To solve this problem, an on-machine accuracy measurement method for chemical
milling engraving lines based on laser profiler was proposed. Firstly, the kinematics model of the five-axis laser engraving
machine and laser profiler was established based on coordinate transformation. The transformation between the laser
measuring coordinate system and the workpiece coordinate system was determined, based on which the scanning point
cloud was obtained. Then, the profile features of single frame groove section were extracted based on template matching.
The width, depth and position of the groove line were solved by Levenberg-Marquardt algorithm. The contour error of
laser engraving was obtained by point cloud segmentation, contour matching and contour error calculation. Finally, the
effectiveness of the proposed method was verified by laser engraving on-machine accuracy test. The results show that this
method can evaluate the uniformity and profile accuracy of the profile, which provides a reference for tracing the machining
error, modifying the machining process and improving the contour accuracy of the engraving line.

Keywords: Laser engraving machine; 2D laser profiler; On-machine measurement; Contour accuracy; Engraving line detection
DOI: 10.16080/.issn1671-833x.2024.18.028
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Fig.8 Laser engraving on-machine accuracy test platform
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Table 2 Comparison of contour errors of different engraving lines
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Fig.11 Distribution of engraving line contour error
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Fig.12 Comparison of workpiece deformation error and engraving
line machining error
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Effect of Heat Treatment on Microstructure and Tensile Properties of Laser Additive
Manufacturing TC4ELI

ZHANG Wenbo"?, HU Jingwei"?, LIU Bingsen"?, HUO Haixin"?, ZHU Yanyan"**
(1. Research Institute for Frontier Science, Beihang University, Beijing 100191, China;
2. National Engineering Laboratory of Additive Manufacturing for Large Metallic Components, Beithang University,
Beijing 100191, China;
3. Ningbo Institute of Technology, Beihang University, Ningbo 315800, China)

[ABSTRACT] TC4ELI titanium alloy is widely used in integral load carrying components of aircraft due to its excellent
strength, ductility and damage tolerance. However, due to the different primary B grain morphology and microstructure of
TCA4ELI titanium alloy component manufactured by additive manufacturing, different heat treatment methods are often
required from forgings. Therefore, to obtain a suitable heat treatment method for additive manufacturing TC4ELI, the
microstructure of as-deposited TC4ELI titanium alloy fabricated by laser additive manufacturing and the effect of high-
temperature annealing on the microstructure and mechanical properties of laser additive manufacturing TC4ELI titanium
were studied. The results show that with the increase of annealing temperature in the dual-phase zone, the width of primary
a phase increases, the content of primary o phase decreases, and the secondary o participates. After the single-phase zone
annealing, TC4ELI titanium is still ultrafine basket-weave microstructure. The microhardness and yield strength of TC4ELI
titanium alloy after annealing in the dual-phase zone decreases slightly, the tensile strength increases slightly, the ductility

*BEMB: B TR ST H (JPPT-2016-057 ) 5 H o mAL SEANRHIFll 55 9 B W98 4 9 B H ( YWF-21-BJ-J-1143 ).,
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dose not change much, and the anisotropy dose not improve significantly. However, the strength increases slightly and the

ductility decreases significantly after annealing in the single-phase zone. Different from the annealing of forging TC4ELI in

the single-phase zone, the strength and ductility matching of additive manufacturing TC4ELI is better after annealing in the

dual-phase zone.

Keywords: Laser additive manufacturing; TC4ELI; Heat treatment; Microstructure; Mechanical properties
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Table 1 Chemical compositions of TC4ELI titanium alloy powder
and plate (mass fraction) %

IiH Al |V 0 Fe C N H
TC4ELI ¥3K | 6.2 | 436 | 0.058 | 0.22 | 0.01 | 0.006 | 0.0016

TC4ELI# | 6.2 | 404 | 0075 | 0.2 | 0.016 | 0.012 | 0.0022
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Fig.1 Schematic illustration of coaxial powder feeding laser additive
manufacturing and as-deposited TC4ELI plate
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Fig.2 Schematic illustration of different first stage annealing
temperatures of as-deposited TC4EL I titanium alloy fabricated by
laser additive manufacturing
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Fig.3 Original p grain morphology of as-deposited TC4EL titanium
alloy fabricated by laser additive manufacturing
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Fig.4 Microstructure of as-deposited TC4ELI titanium alloy
fabricated by laser additive manufacturing
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Fig.5 P grain morphology of TC4EL titanium alloy fabricated by
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Fig.6 Low magnification intracrystalline microstructure of TC4ELI

(d) 1000 C

titanium alloy fabricated by laser additive manufacturing at different
annealing temperatures

R 2 HEMHIE TCAELI ARIRNBETHME c FERESEE
Table2 Lamellar width and content of primary a phase in laser
additive manufacturing TC4ELI titanium alloy at different annealing
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Fig.7 High magnification intracrystalline microstructure of TC4ELI

(d) 1000 <C

titanium alloy fabricated by laser additive manufacturing at different
annealing temperatures

F 3 WHEIE TCAELI AERANBETHRE c FERESSE
Table 3 Width and content of secondary e phase in laser additive
manufacturing TC4ELI titanium alloy at different annealing

temperatures temperatures
e I ——
BAHEIC | Wk o fERRE I | B o M BAHEIC | Wk o fRRRE N | W o b
945 | 29 | 52 945 | 0.4 | 16
955 | 3.5 | 37 955 | 0.45 | 35
965 | 3.7 | 34 965 | 0.43 | 34
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Fig.8 Grain boundary microstructure of TC4ELI titanium alloy
fabricated by laser additive manufacturing at different annealing
temperatures
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Table 4 Mircohardness of TC4ELI titanium alloy fabricated by
laser additive manufacturing at different annealing temperatures

iR KR C AR (HV)
IRATS 345
945 318
955 318
965 324
1000 306

42 WiZEREEEA - 20244E 55678 55 1810]

REDUIL SR L AT LT, i A R s A o, 2B AR A
AW . HBEHIR KRR E T R LB 5
JiEt Al 5 B2 A 11 P A A U, BE AR AN . BB
T, B AR DGR L ) BT SRR AN . AR AR

F5 HEEHHIE TCAELI RER MR ERERN M4
Table 5 Tensile properties of laser additive manufacturing TC4ELI
at different annealing temperatures
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EEEC | I MPa MPa | flKE/% | IN4FZRI%
L 826 761 16 51
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945
T 873 797 11.0 39.5
L 837 736 17.8 56.0
955
T 880 803 14.0 36.5
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965
T 851 775 11.2 450
L 846 786 7.0 207
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Fig.9 Tensile stress—strain curves at room temperature of TC4ELI
titanium alloy fabricated by laser additive manufacturing
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Fig.11 Tensile fracture morphology of laser additive manufacturing TC4ELI in L direction at different annealing temperatures
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Fig.12 Tensile fracture morphology of laser additive manufacturing TC4ELI in T direction at different annealing temperatures
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Research on Forming Rule of Electrochemical Machining of Complex Cavity by Analysis and
Experiments
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[ABSTRACT] Electrochemical machining (ECM) is suitable for machining parts with complex cavities and made by
material that hard to cut. However, allowance distribution of complex cavities during ECM still needs to be researched
further. To solve the problems that angles between normal direction and feeding direction are different at points on cathode
surface, making forming process changed, differential equations of machining gap at points with specific angles were
constructed to simulate different angles between normal direction and feeding direction. Cathodes with regular shapes were
used to carry out contrastive experiments of direct current ECM and pulse-vibration ECM to choose suitable differential
equations to simulate forming process of complex cavity under the above machining modes. Achievement of research has
been used in efficient machining of integral shrouded blisk channels.

Keywords: Complex cavity; Electrochemical machining (ECM); Forming rule; Machining gap; Numerical analysis; Blisk
DOI: 10.16080/j.issn1671-833x.2024.18.046
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Table 1 Parameters of direct current ECM

e INTHEUN | BV (mm/min) 7HL(°)
1-1 30 0.40 80
1-2 30 0.30 80
1-3 20 0.30 80
1-4 30 0.50 60
1-5 24 0.65 60
1-6 20 0.80 60
1-7 20 0.90 45
1-8 24 0.65 45
1-9 20 0.80 45
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Fig.11 Comparison of direct current ECM results
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Table 2 Parameters of pulse-vibration coupling ECM
T JnCHE UV iz D AR 0/ (°) PR £/ Hz P45 v (mm/min) YHal(°)
2-1 30 0.6 240 30 0.40 80
2-2 30 0.6 240 30 0.35 80
2-3 32 0.6 240 30 0.40 80
2-4 30 0.8 200 30 0.40 80
2-5 20 0.6 240 30 0.70 60
2-6 20 0.6 240 30 0.80 60
2-7 18.5 0.6 240 30 0.80 60
2-8 185 0.8 200 30 0.80 60
2-9 24 0.6 240 30 0.80 45
2-10 20 0.6 240 30 0.80 45
2-11 20 0.8 200 30 0.80 45
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Experimental Research on Micro-Pit Array by Jet Electrochemical Machining on GH4169
Nickel-Based Superalloy

ZHANG Yanan', NIU Shen', MING Pingmei*, WANG Siru*, DING Dafu’, QIN Ge'
(1. Henan Polytechnic University, Jiaozuo 454000, Ching;
2. Luoyang Lefang Heavy Industry Machinery Co., Ltd., Luoyang 471300, China)

[ABSTRACT] The surface micro-pit array plays a huge role in mechanical sealing, friction and wear, surface lubrication,
heat transfer and heat dissipation. To be able to jet electrochemical machining micro-pit array on GH4169 nickel-based
superalloy, the polarization curves of the alloy in different electrolytes were tested and the electrolyte was optimized. Then,
the influence of processing voltage and jet velocity on the micro-pits by jet electrochemical machining was explored,
and the micro-pit array was processed by optimizing the process parameters. Finally, using mass fraction 10% NaNO; as
the electrolyte, processing voltage of 25 V, and jet velocity of 10 m/s, the micro-pit array with high precision and good
consistency is fabricated. The aspect ratio is 0.376 and the standard deviation of the aspect ratio is 0.004372 for the micro-
pit array.

Keywords: Jet electrochemical machining; Micro-pit array; GH4169 nickel-based superalloy; Aspect ratio; Electrolyte
DOI: 10.16080/j.issn1671-833x.2024.18.054
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Table 1 Chemical composition of GH4169 nickel-based superalloy
(mass fraction) %

Cc Si Mn S P Ni Cr Al
0.038 | 0.16 0.12 |0.0010 | 0.010 | 52.75 | 17.96 | 0.55

Cu Co Ti Mo Nb B Ta Fe

il

0.022 | 0.018 | 1.09 3.05 5.13 |0.0020 | 0.010 | %

®2 RACHZENKBERIEE

Table 2 Electrolyte selection for polarization curve test

FHL AR JE 538 % TR C
H,SO, ¥l 10 20
NaCl & 10 20
NaNO, I## 10 20
NaOH A7 10 20

oooao
L] E 00O |L
[N CAliEE)
- (+)p T
I A ™
[ X -

: =
| HLEE |

1 BRESNTREEERER
Fig.1 Schematic diagram of the experimental setup of jet
electrochemical machining
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Fig.2 Physical drawing of the jet drainage device
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* 3 HHRBEMEN IS
Table 3 Experimental parameters of micro-pits in jet electrochemical

machining
RIS H {H AR
TRV 10, 15, 20, 25, 30
SHREE (mfs) 4,6,8,10
JInT B/ um 200
fin T asEl /s 15
O —
~ -2r / |
w; -\ R IX
o |
& -4 | A
& | |
{ﬁ W 1 1 H,SO,
3 o[ W ! ! —— NaOH
= ' ' —— NaNO,
- ! ' —— NaCl
-8t i |
1E =
-1 0 1 2 3

3 GH4169 REF RS EERRIFR PR H L
Fig.3 Polarization curves of GH4169 nickel-based superalloy in
different electrolytes

F4 GH4169 REZBASEREBRPHENFSE
Table 4 Electrochemical parameters of GH4169 nickel-based
superalloy in different electrolytes

BRI EE | iR | IR | BRIXAAL

FLAFR

i/ (pAlem?®) | EJmV | HfL E/mV | JEFEIAE,/mV
H,SO, IF 519.8 -137 1018 1155
NaOH % 4101 238 441 203
NaNO, ¥k 41.3 -298 1161 1459
NaCl %% 41.93 -281 1051 1332

WA G A R T A EEALIRE , 1T NOy & —Fh il P2 1, %)
AL BRI PEAN TR , DT Bl AR 5 45 b 2 A R
A (SE

AR T AL AL B, I E A BRI, 7E
AL DX, AR o8 AR, ARG A% . (£ NaNO,
VR PR RE SRR T DR R S AV A, T
RIS T BEARE , AP A i , AU
PRI, AH LT, it NaNOg YA Ry St ri i in 11
LRI
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Fig.4 Depth, diameter, and aspect ratio of micro-pits under different
processing voltages
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Fig.5 Depth, diameter, and aspect ratio of micro-pits under different
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Fig.6 3D morphology and contour of micro-pits
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Fig.7 Micro-pit array structure
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Research on Residual Stress Distribution and Parameter Optimization After Rolling at
Root Fillet of Bolt
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(1. Tianjin Key Laboratory of Fastening Technology, Tianjin 300300, China;
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[ABSTRACT] Facing the issue of selecting rolling process parameter for high-precision titanium alloy bolts, the finite
element simulation model is built for the rolling at root fillet of bolt. The distribution law of residual stress at root fillet
of bolt after rolling is studied. The effects of rolling speed, processing time, friction coefficient, coating thickness and
rolling force on the distribution of residual stress are analyzed and the optimal choice of rolling parameters is obtained.
Moreover, targeting on the goal of minimizing the median integral of residual stress in root fillet rolling, the mathematical
model of rolling parameters and residual stress is established in accordance with the simulation results. The optimal process
parameters of rolling strengthening for the root fillet of high-precision bolt are obtained through parameter optimization.
Moreover, the finite element simulation and experimental verification are carried out to validate the optimal results. The
research results can offer theoretical guidance and technical support for the fillet rolling strengthening technology of high-
precision bolts.

Keywords: Rolling strengthening; Root fillet; Residual stress; Parameter optimization; Bolt
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Fig.3 Extraction paths of residual stress in root fillet strengthening
simulation of bolt

62 RisEhiEEA - 2024455678 551810

FETEE R R ] R R AR U 2 R FNVR it A 14
BT, BiF 5 HH R s AR 5 A8 15 £ 5% A 02 0 43 A R 520
o EE 5 2800 AR AR S I T AN [) ) MR A 2 T VR i U
L. X5 AN T T LS50 B 20 R, b e
& v (r/min) €[400,500], i& KB t (s) €[1.5,2.5], FE
PEREEE[0.1,05], IRJZEE T (pum) €[0,20], K
F (N) €[588,784], B ZSH4r & 5 K, 155
2 3PN R AT, RENGER T2 4 FrRm)
L25 ( B° IEAR B8 3 M T 2 S5 53T 25 A H.,

FEWFFEIR A BRI 1 43 A FUER ST, Sk T B8 b iz ke
— FE VRV R P [5R] £ 5R A 0L 0 8 S35 A A A 10, T X}
BRI IR I E A TS, H R AR A (2 PR

1
5 LS (2)
¢ /

Ko, S, WERAR R IR T 5 Sy TR AR T ) |
AL B R AN JIE 5 | R TR ST A ER A% 1 143 A IX RIS
JE AR SCHER 13 B8R AR KB . IE ST LA IR 6 4
MUY S VARG al 8
22 ETFEXHHAENEARERLAE
22.1 B ARRAE RN 5T IAE

PLBRA I ) B i S, A FE X 42, 15 2 fifi LR
T/ MERTEEIN T S8 A, FF AR5 3 2= 1 1 5%
AN T 2 VEURIER A% 0 7 T WA 2 A2 B P 8 AR A i

®1 TCAmHRISEH Y
Table 1 Material parameters of TC4®

HEE O EMERD Ak |
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Wk R | LS
(J(kg - K)) | /(10°/K) | (WI(m - K))

4.4%10° | 109 x 10° | 0.34 611 10 6.8

%2 Johnson-Cook 155 1)
Table 2 Johnson—Cook model parameters™

A/MPa B/MPa Cc m n

874 583 0.003 0.95 0.316
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Table 3 Factor levels of rolling process parameters
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4 475 2.25 0.4 15 735
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Table 4 Orthogonal parameters for fillet rolling strengthening
simulation
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Fig.4 Distribution of residual stress on root fillet surface and inside
of a typical bolt
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Table 5 Range analysis of integral median of residual stress MPa

ZH WIREEE | RIERIA | FEEARE IREREE | RIET]
ki, | -84.2384 | -76.2409 | -584923 | -79.7028 & -81.0915
k, | -804832 | -82.6214 | -69.1773 | -81.9652 & -80.3492
k, | -75.5858 | -84.2703 | -71.8956 | —80.0951 & -76.1529
k, | -85.1211 | -87.6510 | -98.5907 | —81.3464 & -79.9597
ki | -79.0257 | -73.6707 | -106.298 | —81.3446 = -86.9009
R 95353 | 13.9809 | 47.8057 | 2.2622 | 10.7480
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Study on J-C Failure Parameters of Surface-Modified Layer of 18CrNiMo7—-6 Alloy Steel After
Carburizing Heat Treatment

CHEN Lei', ZHANG Jianwei’, WANG Bingbing’
(1. School of Mechanical and Power Engineering, Zhengzhou University, Zhengzhou 450001, China;
2. School of Mechanics and Safety Engineering, Zhengzhou University, Zhengzhou 450001, China)

[ABSTRACT] After carburizing heat treatment, a modified layer forms on the surface of alloy steel, within which
the mechanical properties of the material change along the depth direction. In this paper, a delamination test method for
measuring Johnson—Cook damage parameters is proposed for the surface modification layer of 18CrNiMo7-6 alloy steel
after carburizing heat treatment. Thin plate samples with different metamorphic layer depths were obtained by wire-
electrode cutting from the modified layer of the material. In order to obtain tensile results under different stress triaxiality,
this work prefabricated tensile shear specimens with different fracture directions, and determined the stress triaxiality
considering the cumulative effect of strain through combination of experimental and simulation methods. In addition, the
relationship between material failure strain and stress triaxiality was measured and the relationship between failure strain
and strain rate of tensile specimens was measured using a wide pulse tensile system. The results show that the failure strain
of a material in the same layer decreases with the increase of stress triaxiality, and at the same stress triaxiality level, the
failure strain increases with the increase of depth. The samples at different layer depths had significant strain rate weakening
effects, and at the same strain rate level, the failure strain increased with the increase of layer depth. Based on the measured

parameters, a numerical simulation of the tensile process was conducted and compared with the experiment to verify the

* BETH : FE A RRFHA (12202424, U1804254 ) ; Jif pi 45 T K BH 430 ( 201400211200 ),
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accuracy of the parameters measured in this paper.
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Fig.2 Hardness of the material along depth after heat treatment
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Table 2 Failure parameters related to stress triaxial at different depths

JZRImm D, D, D,
0~0.4 0.38 5.83 -4.12
0.4~0.8 0.16 5.81 -3.39
0.8~1.2 0.13 6.5 -3.57
1.2~1.6 0.21 6.2 -331
1.6~2.0 0.20 5.22 -2.82
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Table 3 Failure parameters related to strain rate at different depths
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Numerical Simulation of Laser Shock Peening Induced Residual Stress on TC21 Titanium Alloy
Manufactured Cylinder Component

LIU Renzhi*, SUN Rujian’, ZHANG Yongxin®, CUI Xiangzhong’, CAO Ziwen’, GUO Wei’, CHEN Kai®
(1. Shenyang Representative Bureau, Naval Armament Department, Shenyang 110034, China;
2. Aviation Key Laboratory of Science and Technology on Advanced Surface Engineering,
AVIC Manufacturing Institute, Beijing 100024, China;
3. Beihang University, Beijing 100191, China)

[ABSTRACT] In this study, laser shock peening (LSP) induced residual stress distributions on the aircraft fuselage used
TC21 titanium alloy cylinder components were investigated. The effects of overlapping rate, laser energy, and impact times
on the radial, circumferential and axial residual stress distributions were systematically studied. Results show that LSP
has negligible influence on the distribution of radial stress, but significant influence on the distribution of circumferential
and axial stress. Obvious stress concentration in the core of the cylinder components is observed, which is further eased
by increasing the overlapping rate. The depth of residual stress layer induced by LSP in the cylinder components is not
sensitive to laser energy or overlapping rate, which only exhibits a slight increase in the case of increasing the impact times.
The optimized LSP parameters for TC21 titanium alloy cylinder components are of an overlapping rate of 50% and an
impact times of two. The laser energy should be determined according to the actual service stress of the components.
Keywords: Laser shock peening (LSP); Residual stress; Numerical simulation; TC21 titanium alloy; Cylinder components
DOI: 10.16080/j.issn1671-833x.2024.18.073
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Fig.1 Schematic diagram of laser shock peening and its
microstructural evolution in the peened region
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Table 2 Mechanical performance parameters of TC21 titanium
alloy employed in this study
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Fig.2 TC21 titanium alloy cylinder component
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Fig.3 Distribution map of radial residual stress, circumferential residual stress, axial residual stress under different overlapping rates
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Fig.4 Residual stress distribution along the depth direction under different overlapping rates
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Experimental Research on High-Speed Milling of Wave-Absorption Honeycomb With
Crushed-Tooth Cutter

XIAO Xiao', PU Yuxiao', WANG Xianding', XIE Zhenwei’, ZHANG Ruihao’, WANG Bing
(1. AVIC Research Institute for Special Structure of Aeronautical Composites, Jinan 250023, China;
2. Key Laboratory of High Efficiency and Clean Mechanical Manufacture of MOE, Shandong University,
Jinan 250061, China)
[ABSTRACT] This paper performs high-speed milling experiments on a typical wave-absorption honeycomb with
crushed-tooth cutter under varied cutting parameters. The effects of cutting process on such parameters as cutting force,
machined surface quality, cutting power, and cutting temperature are investigated. Then the optimized cutting parameters
for high-speed milling of wave-absorption honeycomb are determined. The results indicate that the increase in cutting
speed can help to decrease the cutting force and promote the machined surface quality. Meanwhile, the increase in feed
speed, cutting depth, or cutting width causes the increase in specific material removal volume, which leads to higher cutting
force and cutting temperature as well as severer machined surface defects. Taking the burr defects suppression as the main
machining target and giving an overall consideration for the above other parameters, the optimized cutting parameters are
recommended as the spindle speed of 16000 r - min™, feed speed of 4000 mm + min™, cutting depth of 10 mm, and cutting
width of 15 mm. The research can provide guidances for selection of cutting parameters during high-speed milling of wave-
absorption honeycombs.
Keywords: Wave-absorption honeycomb; High-speed milling; Crushed-tooth cutter; Process optimization;
Machined surface defect
DOI: 10.16080/j.issn1671-833x.2024.18.082
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Table 1 Experimental parameters for milling of wave-absorption

honeycomb

e W PEGSEEES, DIHIGREE | UIHIWERE

B (remin®) | (mm-min®) | a/mm a/mm
1 12000 4000 10 15
2 14000 4000 10 15
3 16000 4000 10 15
4 16000 3000 10 15
5 16000 5000 10 15
6 16000 4000 15 15
7 16000 4000 10 20
8 16000 4000 18 15
9 16000 4000 10 25
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Fig.7 Machined surface morphologies of wave-absorption honeycomb workpiece at different spindle speeds
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Fig.8 Machined surface morphologies of wave-absorption honeycomb workpiece at different feed speeds
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Optimization of Robot Milling Station for Large Composite Components

WANG Zhen, ZHENG Kan, DONG Song, SUN Lianjun, WANG Tao
(School of Mechanical Engineering, Nanjing University of Science & Technology, Nanjing 210094, China)

[ABSTRACT] Aiming at the problem of low machining quality caused by unreasonable selection of robot milling station
for large composite components, a single robot multi-station milling station optimization method based on optimal stiffness
is proposed. The stiffness of the robot is obtained by the forward and inverse kinematics of the robot, and the stiffness
function model related to the robot position is established. The robot milling tasks at different stations are allocated, and
the robot milling station optimization research is carried out through the stiffness-based station optimization algorithm to
obtain a set of stations with the best robot stiffness. The optimization effect of robot milling position is verified by robot
milling experiment. The results show that the station optimization based on the optimal stiffness can significantly improve
the stability of the robot milling edge, and reduces the surface roughness of the milling edge by more than 33% compared
with before optimization.
Keywords: Robot machining; Station optimization; Mobile robot; Carbon fiber reinforced matrix composite; Large component;
Stiffness performance
DOI: 10.16080/j.issn1671-833x.2024.18.091
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Table 2 Robot posture and stiffness
ST A 6. (°) 6, (°) 0, (°) 04 (°) 04 (°) 0/ (°) k/(10°N - mm™)

1 7.2 26.6 45.4 0 -18 0 6.267
A 2 16.8 40.4 3.2 0 -46.8 0 5.002

8 8.6 50.4 -36 0 -75.6 0 6.889

1 3.6 14.4 54 0 -18 0 7.987
AE 2 19.6 54 -18 0 -54 0 6.653

3 9.4 60 —-49.2 0 -79.2 0 8.705
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Fig.13 Robot edge-milling processing position before station optimization
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Fig.14 Robot edge-milling processing position after station optimization
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Table 3 Robot posture in milling edge processing test ()
' ! ! ! [ [ |
A B 0, 0, 0, 0, 0y 0,
1 -69.02 40.85 15.04 -144.3 39.85 -28.76
R4l 2 -71.66 28.24 42.79 -132.56 26.95 —44.03
3 -72.84 15.91 70.1 -101.92 18.74 -77.32
1 -70.66 34.36 29.33 -139.87 32.91 -35.17
itk 2 —71.14 31.67 35.25 -137.11 30.2 —38.64
3 -72.15 24.28 51.53 -125.44 23.57 -52.05
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Fig.15 Milling force before station optimization
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Fig.16 Milling force after station optimization
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CAI Ming, ZHU Guang, LI Lun, et al. Prediction model and experimental study on material removal depth of robotic
abrasive belt polishing complex curved surfaces[J]. Aeronautical Manufacturing Technology, 2024, 67(18): 100—107.
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Prediction Model and Experimental Study on Material Removal Depth of Robotic Abrasive Belt
Polishing Complex Curved Surfaces

CAIl Ming"*® ZHU Guang®®, LI Lun*®, ZHAO Jibin*°, WANG Ben', WANG Zhengjia**
(1. Shenyang Aerospace University, Shenyang 110136, China;
2. Shenyang Institute of Automation, Chinese Academy of Sciences, Shenyang 110016, China;
3. Institutes for Robotics and Intelligent Manufacturing, Chinese Academy of Sciences, Shenyang 110169, China)

[ABSTRACT] In response to the impact of curvature radius on the precision of robot abrasive belt polishing in the
polishing process of complex curved parts, an experimental study on robot abrasive belt polishing based on multi curvature
radius nickel based high-temperature alloy was carried out. The main focus was on exploring the machining performance
of test pieces with different curvature radii, setting corresponding sand belt particle size and polishing process parameters
for abrasive belt polishing of nickel based high-temperature alloy test pieces with different curvature radii, collecting the
material removal depth of the test piece and analyzing the experimental results. The experimental results show that the
variation of curvature radius has a certain impact on the depth of material removal. As the curvature radius changes from
large to small, the depth of material removal also increases, indicating a negative correlation between the depth of material
removal and the curvature radius. Based on a multiple nonlinear regression model, prediction model for the depth of
material removal in robot abrasive grinding and polishing is proposed on the abrasive belt particle size, feed rate, contact
force and workpiece curvature radius. The average prediction error of the prediction model is 1.45 pm, an accuracy rate
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is 91.04%, and a prediction error range is —5.34—4.57 um. The significance test of the prediction model indicates that the
prediction model can provide important theoretical support for the early process parameter design of actual robot abrasive

belt grinding and polishing processing.

Keywords: Complex surfaces; Abrasive belt polishing; Radius of curvature; Grinding and polishing contact force;

Material removal depth
DOI: 10.16080/j.issn1671-833x.2024.18.100
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Table 1 Chemical composition of the test material (mass fraction)™ %
C Cr Ni+Co Al Ti Fe Nb+Ta Co Mn Si
<0.08 14~17 =70.0 0.40~1.00 2.25~2.75 5.00~9.00 0.70~1.20 <1.00 <0.35 <0.35
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Table 2 Technical parameters of GOM scanner
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Fig.1 Robot abrasive belt grinding and polishing system for
complex curved surfaces
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Fig.2 Control strategy for contact force of robot abrasive belt
grinding and polishing
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Fig.3 Flow chart of material removal depth detection
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Fig.4 Schematic diagram of grinding and polishing contact forces
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Fig.5 Schematic diagram of the contact between the sanding
machine and the test piece
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Fig.6 Experimental equipment and test pieces after grinding and
polishing

R3 TREIBERLE ZMAFRMRERRE

Table 3 Material removal depth obtained by different curvature

radii and contact forces pm
[ I
RS Sl HefihSIF,
1 4N 8N 12N 16N

73.01 12 18 24 29
66.38 13 20 28 31
57.44 15 21 30 36
41.76 20 29 36 46
37.6 22 85) 42 51

R4 FRFHEESIHBEBRRE
Table 4 Obtaining material removal depth at different feed rates
! ! | | |

PR RIEV (mm/s) | AERRBRIREE um | B{Epm | iR ZEHEum
1.0 60 62 59 60.3 1.814754
15 45 | 45 | 47 457 1.289703
25 31 29 32 30.7 1.457166
315 23 22 26 23.7 1.625833
510) 18 17 19 18 1.053565
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Fig.7 Effect of contact force and curvature radius on material
removal depth
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Fig.8 Effect of feed speed on material removal depth
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Fig.9 Abrasion of abrasive belt with different contact forces
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Table 5 Influencing factor interval and level number

X [] 55 : AR | B iRk
IR HIEEM V,/(mm/s) F./N R/mm
ZHIX A | A20. AB0. A110| 1.5~55 4~12 | 37.6~73.0

K% 3 9 3 6

HAE Cabaravdic 45 U FF# AR L BRIRE S T2
SRR IREOCR , 0 R L Ay 2 50 T A% £, oF
SRTLRE By R AR S S TN AR, AR R BRI
BE AR R, 43Sl ST, 3 FPAN [V RS AL 0 A1) 2 BRI
TrAR 7R, B

H=KV/:F":Rs (5)
o, HOBPRL BRI 3 K ATRE 22 BRI S 2 224
NN s IEVEE =

XF (5 ) PILIBOEL, etk i 2 oo et o i

InH = InK+B, InV+8, InF+5; InR (6)

% y=InH, B,=InK, x,=InV,, X,=InF, x,=InR

A

Y=Pot BiXy+PoXo+ PoXs (7)

fcqjyﬁoy"',ﬁg j‘]mua%ﬁ;xl"",)% ﬁmﬂﬂﬁﬁo
&(Xi19 Xi29 Xi39 y|)T(/ﬁ\:EP i:1’2’3’ '..’81)755(Xi1’
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Table 6 Mixed orthogonal experimental data set

5 BLEM HELGERE | HEALD) | AR | BPRRERR
5 V,/ (mm/s) F./N R/mm VREEH/um

1 A20 15 12 66.38 23

2 A20 2.5 4 66.38 11

8 Al110 815 12 51.61 22

4 AB0 25 4 41.76 24

5 A20 55 12 57.44 11

6 A20 4.0 4 66.38 8

77 A20 45 12 66.38 9

78 A20 2.0 12 73.01 14

79 AB0 15 12 66.38 44

80 Al110 25 8 73.01 18

81 AB0 2.0 8 66.38 25
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Fig.10 Comparison between predicted removal depth and actual
measured value
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