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Table 2 Measurement parameters of residual stress by X-ray diffraction
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Table 3 Material property parameters of finite element simulation
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Experimental Study on Residual Stress and Fatigue Life of TB6 Titanium
Alloy Connection Hole After Cold Expansion

FENG Pingfa"*®, LIU Jiahui'?, WANG Zibiao’, FENG Feng’, ZHANG Xiangyu"?, SHEN Yue'?,
ZHANG Jianfu'?, WANG Jianjian*?, WU Zhijun"?, YU Dingwen"?
(1. Beijing Key Laboratory of Precision and Ultra-Precision Manufacturing Equipment and Control,

Tsinghua University, Beijing 100084, China;

2. State Key Laboratory of Tribology in Advanced Equipment, Tsinghua University, Beijing 100084, China;
3. Tsinghua Shenzhen International Graduate School, Shenzhen 518055, China;
4. State Key Laboratory of Nonlinear Mechanics, Institute of Mechanics, Chinese Academy of Sciences,

Beijing 100190, China)

[ABSTRACT] Aiming at the connection hole of TB6 titanium alloy, the strengthening effect of cold expansion
parameters on titanium alloy lug samples was studied. Plastic deformation, residual stress and surface roughness of the hole
expanded with different ratios and times were characterized. The tension-tension fatigue life of lug samples before and after
cold expansion was tested. Morphology characteristics of fatigue fracture and the reasons for the improvement of fatigue
life were analyzed. The results show that cold expansion can hardly improve the surface quality of the hole, but can cause
severe plastic deformation of the hole wall and introduce compressive residual stress. With the increase of expansion ratio,

the plastic deformation, the peak value and depth of compressive residual stress increase significantly and the attenuation

rate decreases, while expansion times has less impact. The fatigue life of lug samples after cold expansion is significantly
improved, and the fatigue limit of cold expansion with 3% expansion ratio is increased by at least 38%.

Keywords: TB6 titanium alloy; Connection hole; Cold expansion; Residual stress; Fatigue life
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Optimization Method of Position of Robot Friction Stir Welding Parts
Based on Optimal Stiffness Interval

XIAO Juliang', WANG Neng', LIU Haitao", YUE Wei', WANG Jian",

ZHAO Huihui®, GAO lJiashuang®
(1. Key Laboratory of Mechanisms Theory and Equipment Design of Ministry of Education,
Tianjin University, Tianjin 300354, China;
2. Shanghai Aerospace Equipments Manufacturer Co., Ltd., Shanghai 200245, China)

[ABSTRACT]
robots provide an attractive choice for friction stir welding of three-dimensional space curves, but the huge axial force in
the process of friction stir welding puts forward high requirements for the axial stiffness of the stirring head of industrial

In the aerospace field, there are many curved surface workpieces that need friction stir welding. Industrial

robots. In order to improve the axial stiffness of the stirring head of the robot during friction stir welding, a workpiece
position optimization method based on the optimal stiffness interval is proposed. Firstly, the stiffness database of parallel/
series mechanism of hybrid robot was constructed to reduce the stiffness calculation time. Secondly, based on the axial
stiffness of the robot stirring head, the concept of the optimal stiffness interval was proposed as the optimization index.
Moreover, considering singularity free, joint limit, joint continuity and workspace constraints, the workpiece position
optimization algorithm based on the optimal stiffness interval was studied. Finally, the method is verified by simulation
and experiment. The results show that this method can make the robot always maintain the position and posture with better
stiffness in the direction of the stirring head axis by optimizing the position of the workpiece, so as to significantly increase
the welding stiffness of the robot in the welding process.

Keywords: Workpiece position optimization; Friction stir welding (FSW); Optimal interval of stiffness; Robot; 3D curve
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Research Status of Al/Mg Dissimilar Alloys Welding

ZHU Zhenggiang, CHEN Hao, ZHU Yunming, GUO Yukun, SUN Liang
(Nanchang University, Nanchang 330031, China)

[ABSTRACT] Magnesium and aluminum alloys are widely used in the aerospace industries due to their lightweight
and high strength characteristics. However, welding aluminum/magnesium dissimilar alloys is an extremely challenging
task because of the significant differences in their physical and chemical properties, and the formation of brittle Al-Mg
intermetallic compounds can seriously affect joint strength. This article discusses the current research status of welding
aluminum/magnesium dissimilar alloys from the perspective of welding methods, including laser welding, TIG welding,
friction stir welding, ultrasonic welding, magnetic pulse welding, and some other welding methods. Various efforts made by
domestic and foreign researchers to improve the comprehensive mechanical properties of aluminum/magnesium dissimilar
alloys welding joints are summarized, specifically including the use of solid-state welding, adding intermediate layers,
optimizing welding process parameters, and composite welding to suppress the generation and growth of magnesium-
aluminum intermetallic compounds. Finally, the research trends and prospects of aluminum/magnesium welding are
summarized and discussed.

Keywords: Aluminum alloys; Magnesium alloys; Dissimilar alloys welding; Intermetallic compounds; Performance of joint
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Fig.1 Schematic diagram of laser welding
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Fig.2 Schematic diagram of tensile specimen
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Fig.3 Surface morphology of Mg/Al joint without Ti—foil (P=1000 W, V=1200 mm/min)
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Fig.5 Molten pool morphology of Mg/Al
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Study on Mg/Al Dissimilar Metal Laser Welded Joints With
Addition of Ti-Foil

ZHOU Dianwu, ZHAO Lei, WANG Xinyu, ZHANG Shumai, LIU Jinshui

(State Key Laboratory for Advanced Design and Manufacting for Vehicle Body, Hunan University,
Changsha 410082, China)

[ABSTRACT] This paper put forward laser welding technology with Ti—foil in an overlap magnesium-on-aluminum
configuration, then, AZ31 magnesium alloy and 6061 aluminum alloy was welded, finally micro-structure and properties
of Mg/Al fusion welded joints under the interaction of titanium foil-laser was studied. The results shows that adding Ti—
foil can realize the effective connection of Mg/Al, and the shear strength (line strength) of Mg/Al joint can reach 58 N/mm.
The morphology of molten pool changes from “V” shape without Ti-foil to “goblet shape” with Ti—foil. As the thickness
of Ti—foil increases, the melt pool of joint increases, and Ti—foil melts close to the matrix of aluminum side. Ti element
is distributed in the molten pool along with the pool flow field, which leads to the forming of Ti;Al compound. The
addition of Ti—foil can inhibit the direct contact between magnesium and aluminum, avoiding the formation of brittle Mg/
Al compounds through the reaction between Mg and Al. The addition of Ti—foil has a certain barrier effect. However, the
thermal conductivity of Ti—foil is relatively low, and far away from the laser heat source, Ti—foil is not completely melted.
Therefore, the combination of Ti—foil and base material still needs to be improved.

Keywords: Laser welding; AZ31 magnesium alloy; 6061 aluminum alloy; Ti—foil interlayer; Mg/Al compound
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Table 3 Chemical compositions at corresponding positions in Fig.13 (mass fraction) %

i |A_||M_g| o] | Na | cl
7 | 19.92 | 17.66 | 53.09 | 931 | 0.02
8 | 359 | 5.91 | 43.04 | 4733 | 0.13
9 | 10.65 | 10.46 | 47.22 | 31.40 | 0.27

500 um 500 um
W ey

(a) 800/100/Zr (b) 1000/100/Zr (¢ ) 1200/100/Zr

B 14 AlZr/Mg #LE#ERETE 3.5% NaCl @ik iz 6 h B M
Fig.14 Corrosion morphologies of overlap interface of Al/Zr/Mg joints in 3.5% NaCl
solution for 6 h
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Table 4 Chemical compositions at corresponding positions in Fig.14 (mass fraction) %

I T BT R BTN G
10 | 34.84 | 0.92 | 61.57 | 2.47 | 0.20
11 | 35.13 | 0.75 | 61.97 | 1.97 | 0.18
12 | 35.22 | 1.20 | 62.29 | 1.26 | 0.03
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Effect of Rotation Rate on Microstructure and Properties of Friction Stir
Welded Al/Mg Dissimilar Lap Joints With Zr Interlayer

ZHENG Yang', REN Guochun®, SU Zhenyu', ZHAO Zihao', LI Liangyu', ZANG Libin’,

LIU Wei®, YU Zhengzhe*

(1. Tiangong University, Tianjin 300387, China;
2. Tianjin Institute of Aerospace Mechanical and Electrical Equipment, Tianjin 300301, China;
3. 3D Printing Research & Engineering Technology Center, AECC Beijing Institute of Aeronautical Materials,

Beijing 100095, Ching;

4. China Civil Aviation Science and Technology Industrialization Base, Tianjin 300308, China)

[ABSTRACT] The microstructure, mechanical property and corrosion behavior of 6061 AI/AZ31 Mg friction stir
welding lap joints with Zr interlayer at different rotation rates were investigated. The results show that the Zr interlayer
suppresses the defects of flashes and tunnels. The welding materials are joined via the mechanical interlocking in the stir
zone (SZ) and the intermetallic compounds are formed at the overlapping interface. The degree of thermoplastic flow and
mechanical interlocking in the SZ increase with increasing rotation rate, which form smaller Zr fragments and thinner
strips. The transitional widths of the thermal-mechanical affected zone (TMAZ)/SZ interface as well as the overlapping
interface tend to increase as the rotation rate increases. The hardness distribution on the cross-sections of joints along
advancing side and retreating side are asymmetric, which has higher hardness near the welding centerline. The tensile shear
load of Al/Zr/Mg joints firstly increases and then decreases with increasing rotation rate and the fracture position is located
at the TMAZ/SZ interface. The joints exhibit a differential corrosion behavior in the 3.5% NaCl solution. The Al alloy is
uniformly corroded, the Mg alloy is locally pitting corroded and the Zr interlayer is not corroded. The corrosion resistance
of joints is deteriorated in some degree with increasing rotation rate.
Keywords: Friction stir welding (FSW); Zr interlayer; Al/Mg dissimilar joints; Microstructure; Mechanical property;
Corrosion behavior (i £%)
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Fig.1 Physical and dimensional schematic diagram of mixing head
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Fig.2 Metallographic sample interception position and schematic diagram of
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Fig.4 Macroscopic morphology of joint cross section
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Fig.5 Microstructure and EDS spot scanning position of 1 zone (stir zone) in Fig.4
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Table 2 EDS spot scanning results in Fig.5 (b) (atomic fraction) %
P, 96.53 1.73 1.74 — Al
P, 55.70 38.73 0.45 5.12 Al,Mg,
P, 33.29 56.43 — 10.28 Al,,Mg,,+MgZn
P, 23.42 57.50 — 19.08 Al,Mg.+MgZn,
P, 12.15 85.51 — 2.34 Mg

AZ31

HElZ

200 um
e

(a) TFPEXHFMAEL

(b) EDSAHAME

6 4H X (HEHEXSHAZMXTEXIS ) HRELR EDS mAMLE
Fig.6 Microstructure and EDS spot scanning position of II zone (transition zone between
stir zone and thermal-mechanical affected zone) in Fig.4
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Table 3 EDS spot scanning results in Fig.6 (b) (atomic fraction) %
(VA Al Mg Cu Zn TELEAH
P 97.65 0.64 1.71 — Al
P, 5.25 38.98 — 55.77 MgZn,+Al,,Mg,,
BN 7.41 68.27 = 24.32 Mg,Zn;+Al,Mg;,
Py 5.47 93.68 = 0.85 Mg

(a) WOES

(¢) MgILE /M

(a) K7 (a) AKX

(b) ADTE /i

(d) Znycx o4

&7 4 RIIX (HAFME ) BRI EDS MA%ER
Fig.7 Micro-morphology and EDS surface scanning results of Il zone
(thermal-mechanical affected zone) in Fig.4
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Fig.8 Microstructure and EDS spot scanning position of intermediate layer in
thermal-mechanical affected zone
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Table 4 EDS spot scanning results in Fig.8 (atomic fraction) %
(VA Al Mg Zn VEAERH
Puo 43.79 16.42 39.79 MgZn,+ & Al [E7 R
P, 7.61 63.93 28.46 Mgzn,
P 7.22 22.65 70.13 MgZn,+ & Zn A
P 7.76 49.79 42.45 MgZn
Pu 4.94 66.53 28.53 Mg,Zn,

(a) P X oL R
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Fig.9 Microstructure and EDS spot scanning position of IV zone (heat affected zone) in Fig.4
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Table 5 EDS spot scanning results in Fig.9 (atomic fraction) %
./ |/ /|
DEE Al Mg Zn TETEAH
Pis — — 100 Zn
P 1.92 30.19 67.89 MgZn,
P 4.19 48.27 47.54 MgZn
P 3.34 69.05 27.61 Mg,Zn;
2 + Al
v Mg < Al
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5] 5
£ % = . 1
lv % . H :| o ] . R
I+ TR O s ) o Ty
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Fig.10 XRD spectra of thermal-mechanical affected zone and aluminum alloy side
heat affected zone
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Fig.11 Tensile and shear properties of joints at different stirring head rotating speeds
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Fig.12 Welding defects at lower and higher rotation speeds
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Microstructure and Mechanical Properties of Rotary Friction Welded Joint
Between Stainless Steel and 6061 Aluminum Alloy

XU Hui, XIA Peiyun, ZHANG Xuanming, YAN Xuewen, ZHU Shuai, FENG Xiaosong,

YUAN Yajun, ZHOU Jiajun

(Shanghai Aerospace Equipments Manufacturer Co., Ltd., Shanghai 200245, China)

[ABSTRACT] The rotary friction welding technology was used to weld 1Cr18Ni9Ti stainless steel (SS) to Al6061, the
weld formation, microstructure and mechanical properties of the joints of SS-aluminum under different process parameters
were analyzed. The results show that the element diffusion occurred at the interface between stainless steel and aluminum
alloy. A bonding layer with certain thickness was found, which became thicker with the increasement of the rotation speed.
With the increasement of the upsetting force, the thickness of the bonding layer first increased and then decreased. The
aluminum alloy grains at the interface of steel and aluminum are elongated and deformed, and the grain is refined, the
hardness near the joint interface is relatively high. The tensile strength of the joint first increased and then decreased with
the increase of the rotation speed and upset force, reaching 262 MPa when the rotation speed is 600 r/min and the upset
force is 3.8 kN. The fracture location is mainly at the steel-aluminum connection interface, and partly at the aluminum alloy
side, there are small and shallow dimples on the weld fracture.

Keywords: Stainless steel; Aluminum alloy; Rotary friction welding; Microstructure; Mechanical properties
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Study on Effect of Process Parameters on Morphology and Mechanical
Properties of TiNi Alloy/TC4 Titanium Alloy Ultrasonic Welding Joint

WU Hongyan', CHEN Jiong", SANG Yurui*, CHEN Yuhua’, WANG Litao®

(1. Jiujiang Vocational and Technical College, Jiujiang 332007, Ching;
2. Nanchang Hangkong University, Nanchang 330063, China)

[ABSTRACT] TiNi memory alloy and TC4 titanium alloy dissimilar materials were welded by ultrasonic welding with
nickel and pure aluminum as transition interlayer materials. The effects of different process parameters on the morphology
and mechanical properties of TiNi/TC4 dissimilar metal welding joints were studied. The results show that the plastic
deformation of materials near the interface of Al interlayer is much larger than that of Ni interlayer, and a large amount of
Al is extruded from the interface. Welding time and pressure have a significant effect on the tensile shear force of welded
joints, and the tensile shear increases first and then decreases with the increase of welding time and pressure. The ultrasonic
welding process will also change the microhardness of the weld zone material, parallel to the direction of the bonding
surface, the core position compared with the unwelded base material hardness has a small increase, perpendicular to the
bonding surface direction, the closer to the bonding interface, the higher the hardness of the material, but the increase of the
two generally not more than 10%.

Keywords: TiNi alloy; TC4 titanium alloy; Process parameters; Ultrasonic welding; Mechanical properties
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Research on Microstructure and Tensile Shear Properties of Al/Mg Friction
Stir Spot Welding-Brazing Joints

XIE Jilin, WANG Hongwei, CHEN Yuhua, LIU Wenkuo, ZHANG Timing, WANG Shanlin
(Jiangxi Key Laboratory of Forming and Joining Technology for Aviation Components,
Nanchang Hangkong University, Nanchang 330063, China)

[ABSTRACT] Friction stir spot welding-brazing process was used to connect 2A14 aluminum alloy and AZ31
magnesium alloy. The microstructure, chemical composition and phase composition of the joints with different parameters
were studied by scanning electron microscope, energy dispersion spectrum and X-ray diffractometer. The tensile and
shear properties of the joint were tested by electronic universal testing machine. The results show that the stir zone is
mainly composed of Al-Mg intermetallic compounds and a small amount of MgZn phase and MgZn, phase. The thermal-
mechanical affected zone is mainly composed of Zn-rich solid solution and Mg,Zn; phase. The zinc solder near the
aluminum alloy in the heat affected zone did not react with other elements, while the zinc solder near the magnesium alloy
reacted with magnesium to form Mg-Zn intermetallic compounds. When the pressure distance of the shaft shoulder is 0.5
mm and the rotation speed of the mixing head is 950 r/min, the tensile shear load of the joint reaches the maximum value
7.6 kN.

Keywords: Friction stir spot welding; Brazing; Al/Mg dissimilar alloys; Microstructures; Mechanical properties
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FIXAR: kg, Bk, TEW, F. DD5 5 GH3039 %8 424 IR L a9 AR5 Ty S pEBT R[], Aus w3 K, 2023,
66(11): 78-83.
SHANG Yonglai, CHEN Bo, JIA Chonglin, et al. Study on microstructure and mechanical properties of brazed joint of DD5
single crystal superalloy and GH3039 superalloy[J]. Aeronautical Manufacturing Technology, 2023, 66(11): 78-83.
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Study on Microstructure and Mechanical Properties of Brazed Joint of DD5 Single Crystal
Superalloy and GH3039 Superalloy

SHANG Yonglai, CHEN Bo, JIA Chonglin, MAO Wei, LI Wenwen, JING Yongjuan
(AECC Beijing Institute of Aeronautical Materials, Beijing 100095, China)

[ABSTRACT] The wetting behaviors of the Co50NiCrWB filler metal on the DD35 single crystal and GH3039 superalloy
was investigated at 1160 “C for 15 min, and DD5 and GH3039 joints are obtained by brazing. The microstructure and mechanical
properties of the joints are analyzed. The result indicates that CoSONiCrWB filler metal has good wetting properties on the
surface of DDS5 single crystal and GH3039 superalloy. The joint is consisted of reaction zone and diffusion-affected zone.
The main phases of the reaction zone are Ni—-Co—based solid solution dissolved with Cr, Cr—rich boride phase and (Co, Cr,
W, Re)-rich boride phase. The average tensile strengths of the brazed joints at 900 °C reached 193 MPa, and the lasting life
of the joints at 900 °C /40 MPa is up to 221 h. The fracture observation of the tensile specimen shows that the fracture occurs
in the brazing filler metal reaction zone, which is characterized by brittle fracture.

Keywords: DD5 single crystal superalloy/GH3039 superalloy; Wettability; Vacuum brazing; Microstructure; Mechanical properties
DOI: 10.16080/j.issn1671-833x.2023.11.078
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D5 R AR AN KA /0N, AT A R0k S K 24
PR e HGE T 58 A B R R R B A8 4 1o
PGS W fifi A SLETRTE T DDS L RIR A4
EFIEAETT, X EUF Y T F 42 R B R /NG T2 Sk L 40N
WA oA B s ), T4 AR B MGB, AH DL K Ni-Si 45
Wt Ab & WA R B e P A S PR . R B A s
S B 2t 45 iSRS T BNIB2CTSIB £FRHFI 1 47131y
Ni-Cr-Co~(Pd, Ti, B) A ZR4FRIXT DD6 Hfh il & 4>
IR T B2 5, BNi82CrSiB 41k} 5423k & i
750 °C R HIHL P90 EE K 400 MPa, 3223k N 34 iR £ 1)
Ni-B 1L ¥ A1 , 1M 8 #9 Ni-Cr—Co—( Pd, Ti, B) /A &
EFRMTRLTAS43L7E 980 °C T (s iR BT hr i BE 15 3] 694
MPa. HREIXETHMEEA & S5DE RS &5k
RN AR AR X /0, i) DDS B A 4 S i
F I 48R 5 K DD5 5 GH3039 25 S5 i & 4 1Y
ETIRERE , A DB A S B IR RIFIT

ARSCRH—FPLL BAENFEIG TR Y Co SEEFRE, Xt
DD5 5 GH3039 5 Fl =ik & & AT T B2 B4R T2 0
5%, i 1 AT Sk A S AR SUR AR AL B, B ST AT
Sk J1 2= fe , LU R 5281 DD5 5 GH3039 5 i
A& RN T LTk
1 WEHEREE

AR R RE DD5 & —Fh & Re B 0L 5

W4, FEALFRA IR 1 R R 56 0 5 1S B AR,
BN T 1.5 mm JEA9iRKE, GH3039 Eiia4h 1.5 mm

X1 DDSHEEES

JEAGA LM, LA inge 2 Fion. R 56 vE FHET R A
TR Y — et JLAET AL CoSONICIWB ), >R FH .25 J&
RIS RET RS 4, B Ar SR R A, 22
5 PR 5 35 HHUREEE < 100 pm BIAS AN i FET A

)% R SFh 15 mm x 15 mm x 1.5 mm f DD5 #l
GH3039 =il A 4 — B, ATRLEE 20004 1Y SiC #b4THT
JES R THI I, 28 N S WORR P T Uk R TR DA IR
TR i, A7 T A R R 0, UL i 2 LI
S, W G U E S5 A b i R S i O S . BT
Sk SR X 20, AL 4E TR [RIBR R 0.05 mm, K55 AL
TSRS TR (B 1) o Bl R TR 06 5 T AR R 7
BRI h AT, 2 S IR 1165 C
LRIEATTE] 15 min i B HEER 10 °C /min, HA5 R
{R3F-7E 7.0 x 10°~1.0 x 107 Pa,,

P 145 SEM (JSMB100LA ) FlHL T #4143
Hr EPMA (JXA-8100 ) Wi%€4 3k B 41 40 K K 11
5, FIFHAEIS (Y EDS ( INCA-E305 ) #4742 3k N 3 1 bbir
F A 22 LA T A 255 . 454 DD5 5 GH3039
SRR R A A TR W FH R IREE | th 7 R Ie AL
( INSTRON5887 ) i3k 7E 900 C A T iy am &
% 900°C /40 MPa [+ A 4

2 WIEHERSiTE
2.1 SHESHABELSERIERE

K DSC Jy 33443 #7 T A1, Co50NiCrwB 41 %t
PR AL TR T FBL N 1092.8~1108.3 °C, 4T R B AE 1)

EHLERS (RESH)

Table 1 Chemical compositions of DD5 single crystal superalloy ( mass fraction )

%

Co Cr Al Mo W Ta Re C B Hf Ni
7.5~8.5 6.5~7.5 6.0~7.0 1.5~3.5 4.5~5.5 6.0~7.5 2.5~3.5 0.03~0.08 | 0.001~0.01 | 0..1~0.2 A
%2 GH3039 HEEEMUERDREHH)

Table 2 Chemical compositions of GH3039 superalloy ( mass fraction ) %
Cr Mo Al Ti Nb Fe @ Mn Si Ni
19.0~22.0 1.80~2.30 0.35~0.75 0.35~0.75 0.90~1.30 < 3.0 < 0.08 < 0.40 < 0.80 A
rs 10
D |1
T Eed
8 10
20
46

(a) JyptERelit iR A (mm)

(b) 9
1 Rt AR A F RN R E RS E
Fig.1 Schematic diagram and physical map of mechanical properties sample selected for test
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FEAGIREE X IA] AR 15.5 °C (] 2), Z 3 iR & 44T
M5, TR T LAk PG IR (R AT 0 B R A i —
R BT o SEPRET AR AT R b T T KR AT
BHRARZE ) 30~80 °C, PRI AR TR0 1k FH AT A A (EL TR B A
1165 C.,

STRNENERER 2 5E AT IR FEAR S, 7E 1165°C /
15 min {24 R, 43 B IE T 47 kHE DD5 Al GH3039
PR R R KRR R 2 T %) i YA R Vi Y T R T 4 LI 3,
Al ULET R PR B R 26 10T B RAF e . i —
43 BT v TR] e K AR AR G 1 U101 J 1 10 3 A e O
T, AT ULAT S5 WO Rh BR324 & 2B I I, (LA D BH (2 3
Ty, Horp EF R 5 DDS 2 (8] (14 S )2 R EE 298 3 pm, 1
1B K/NYy 5°, 5T RHS GH3039 BEA1 2 2 A i, 11

I%{E . 1108.3 °C

FLhE S . 1092.8 C

o oo
o1
— 1 T T T T 1 11

DSC/ (mW - mg)
o
w

400 600 800 1000 1200 1400
R

2 Co50NICrwB $F#4#9 DSC &L it il 2k
Fig.2 DSC melting characteristic curve of Co50NiCrwB
brazing filler metal

BALIN 3°,
2.2 DD5/GH3039 HiR& £ IEZELMNMMA LR 5>

[ 4 > DD5 5 GH3039 & i & 4 51 15 4% 3k 19 1
SRZH 2, ST HE 423k o AT RHRO N X5 9 HIGR i DX PR A X
SR N P A M SR A B O SURA RSt S i A
95~130 pm, Ifii it DD5 Ml Y 457 4% 5 B b A7 72 B i 5
17, I L F T K45 ) B b 3 U, A7 7 — B S8 ) 29 0 60
um (¥ IC 2P B X (X N7 ), {H 43T GH3039 —
NP K% 55 B 3 8 DX S OTE BH S A . v, el T4
SR A R T RS B 2 B A T R AR B 1L
N ()RR AN [H], 530 DDS FRL 5 = i A & BEAE — 14 5T
R HOY I X SUE BNy, — 3B 2 S EPRHR N X
AHABAY R )2 A, TEEZY 10 pm , BAT FIREA AR BLAY y+y/
A AH Y FIATF R 2R ITTER, JRife AR 4 41
T3 — & P HUZ R X 1) DD5 BE# i X 35k B, B
BEZy 50 pm, i X3RN A R T A IR B0RCIR B e
Yo EFRERON DX 32 B bl RS AA L ol B R A
TR € B B R ARRE 1

FIH EPMA % & 4 v 1~5 B AE G IX A9 B A 185543
B, G553 3 Fin . BRI X AR LR (X 1)
F2 o (R 5050 500 A48 Ni 42.4% . Co 35.46% Fll
Cr 18.9%, 454 Ni—Co #& ", A 41 Ni, Co JLZE Al LI
BB, B IA R AHE A Cr 11 Ni—Co 56 [ 45 14
F i BRI A (72X 2) B Co. Cr, Ni. W, Re. Mo,
B LR, Hih B JCR & 500, H 4 Ohsasa™® Al

GH3039

(b) GH3039

3 Co50NiCrwB #>R4F#I7E DD5 1 GH3039 HiR & & REM AN IR R
Fig.3 Wetting and spreading morphologies of CoS0NiCrWB brazing filler metal on the surface of DD5 and GH3039 superalloy

L STRHRRIX

PR

10 pm

y 1

GH3039

10 um

(=)

4 DD5/GH3039 HiR & & TR MMALR
Fig.4 Microstructure of DD5/GH3039 superalloy brazed joint
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Idowu™" Z5 {#1E 437, Co. Cr. Re, Ni, W, B %0 %
FERARAT R AT [ & B A AL A0 MgB . MB, .
M B ZEHIAL A, DRI S 1 £ B IR 0 A N & Co
Cr. W, Re WML XTHERLIX 4 19 4/ NSk )
BATULRE, [FI AT LA A 2 & Co. W, Cr., Re [Hli{L
Ao BEAh, B R0 50 N, fEvk R IR B R 5 T 17
BERY B, BLAERERS vy A D BEAR, IR IE B IR -4
DA FA o B A 40 R 3k 80 A A B I X 3 “B”
BT AL IV X IR A7 53 A — Rl G B R AR (st X
3), Higr & 74.28% 1y Cr, BME U F1 oul™ 450l B e
Cr LAl . X 5 AF T 8o m X 5408k M
XA 2 1 P A (2 3 um ), MR PG 2 3 &5 SRl i, i
 7.66% [ Al Z Ak, FE S AR FEAR(FX 1) /4 B A
AT, HEWT A Cr., Al Y Ni-Co JE[FE A, Hirb Al
JCE R B AR

[l 5 JEXTIE 4 Hh AR L R G 2R T oA A5 SR
MATHEGE B AE T 1 S0P T4 Wy A 25 70 iy 4
Wr, JEHE & Cr ik A ATE W ik A , [ s ar

Al TTE B R ARER R 35O IR, IR 1
i DX 5 s I X AR 28 A Ao Y 0 A 1) Al T2
2.3 DD5/GH3039 BiRA & IRELN N1F R

K H Co50NiCrwB #3 K £F 1 78 1165 °C /15 min T.
LSBT B3 4T R4S 3] DD5/GH3039 P fEIRAE , 43 51l
T 423K 7E 900 “C BTG & 1 900 °C .40 MPa L. /17K
SRR R A T i, A2 SR AN 6 i, MR 6 (a)
(b)) AT LA SRR Ik 3] 193 MPa, 3 41k FE
PO S AT R Ab o eAh L mT LABA S Y, 900 °C R
GH3039 & 4 1 AL 2 2 1L DD5 H i & 4™ &
BZ. mE 6 (c)F(d) AU, 7 900 °C . L Jj7KF 40
MPa T 13k i FE A A F34 0 149.1 h, AR I
KikE] 221 h, Jf H 3 AR B 43 & = 7F GH3039
REAF o
2.4 DD5/GH3039 Big& &5 E L MR ik #E O

S

X} DD5/GH3039 & it A 4 £ M4 3k iy il i f5
BIWT CTHEA T AT, QIR 7 BIEas o DAKT 1T B B0 55 ] 6

*3 B4 1-5 MR EPMA &R (RFESE)

Table 3 EPMA analysis results of micro-area 1-5 in Fig.4 ( atomic fraction )

X Al Co Cr Ta
1 0.63 35.46 18.90 —
2 — 22.03 16.23 —
8 0.01 14.62 74.28 —
4 2.29 25.21 11.50 4.90
5 7.66 20.79 10.79 0.77

T AT B S (S

(a) JTLEYHEEmX (b) Cot%

(e) MoTC%

(f) AlT#

Ni
42.40
11.61
5.10
36.46

56.89

%

W Mo Re B HoAth
1.63 0.22 0.33 — 0.05
13.53 3.00 9.06 23.46 0.69
3.80 1.17 0.85 — 0.02
9.82 3.65 5.87 — 0.10
1.40 0.40 1.12 — 0.01

(¢) NIt (d) Croc%

(g) Tast&x (h) Wit

5 DD5/GH3039 miR A& HIEELMMNARNETRNERAMER
Fig.5 Surface scanning results of elements in the brazed joint structure of DD5/GH3039 superalloy brazed joints
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213 MPa
193 MPa

200 |- 189 MPa 178 MPa

P E/MPa

100

DGO1 DG02 DGO3 SEME
S Ry e
(@) 900 °C i EEAGHL ISR &
300
221h
200
& h
g 151.3 149.1 h
<
ﬁt
100

DG04 DGO05 DG06

Hekik g

A

(¢) 900°C. 40 MPal F1/K - FIREERYHF A Ffir
E 6 DD5/GH3039 &

" (a) {EIEGH3039 {1l

(b) 16 (a) X RIS TS

(d) &6 (c) XFR il FEWT e I 3R
SRS iR
Fig.6 Mechanical properties of DD5/GH3039 superalloy brazed joints

(b) #3EDD5 -fi

7 DD5/GH3039 iR & & 4T 18 #e Sk PR i HE BT O R AR 3R
Fig.7 Macroscopic and microscopic morphologies of tensile specimens of DD5/GH3039 superalloy brazed joints

W 245 2 B IR 24, S BV A BEARRAE . RS XS DDS
1 GH3039 WA Ay 11 (R AR IR X S A T RE 1S 40T , 45
RN 4 iR, G546 K 4 B3k RO H 2L 4
P RETE 73BT 28 5 , AT LAHEWT 4 0B 11 0 A 2 45 A
Cr 1) Ni-Co L[4 & Cr LAl K/ ity 41,
BRI HWT , B PEA A DA 4 S T 55 R

3 &g
(1) 2% Co50NiCrwB 4T BF{E 1165 °C /15 min 1

JEF AT LLSCH DD5 5 GH3039 Rt i et & A ATt 1 .
(2) eIk b i EEY M OREEA Cri

82 Wiz MG A - 202345 o6& SE 1110

F4 BT pELORHERROBEESITER(ETFHIE)
Table 4 Energy spectrum analysis results of the characteristic micro-

regions in fracture of the joint in Fig.7 ( atomic fraction ) %
1 59.19 | 22.00 | 14.53 — 1.54 0.68 2.07
2 56.58 | 24.17 | 14.38 — 1.37 0.93 2.58
3 36.24 | 13.84 | 2247 | 27.00 — 0.45 —
4 56.15 | 25.65 | 13.39 — 1.19 0.84 2.79
5] 56.97 | 24.10 @ 14.83 — 1.29 0.55 1.91
6 14.00 | 13.55 | 64.74 — — 7.71 0.05
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B IEXIBH TC4 & E HF-H,0, R &R
A=t b

=g L ERNE L XLE OBLEEES
(1. ki T X5, ki 200093;
2. Monash University, Clayton VIC 3800, Australia)

[(HEE] KA HF-H,0, iR ATk ik R 5t TCA S AT F MK o A RAT & RAR R @ 69 T 30 Uk B R T B
kT Ao, A FAT, IR R IR R L H,O, K E AR R @R ACR e, 4R R, I I 8] 3G e, HekE i
B, TR T R ARG R HI F;  H0, I K, A E ARG R, BT R E Rl &N &
REEHAK. ¥, & HF/H,0, /A2t 1:5, 85 5] 8 min B, 4k 44 & @ 69 P 0 2R £5F, RAE R @AM R 24+
PR, OB LR E R, £ 3] (3.520.3) um. k& R EF E A 3] (80.310.7) GU, A8t T 479 A& @ (R, (13.3+0.8) um. kiFE
(0.910.3) GU) 2F# I, Rl B&ARIT T 4642 HF-H,0, 1k #0910 3 Pk Lz,

KR 4K E4 ORI RIEAL (SLMD ; Lk, R ks i, RiFE

Study on Chemical Polishing of Selective Laser Melted TC4 Alloy in HF-H,0,
LI Ziyang', WU Songquan', YANG Yi*, WANG Hao', HUANG Aijun’

(1. University of Shanghai for Science and Technology, Shanghai 200093, China;
2. Monash University, Clayton VIC 3800, Australia)

[ABSTRACT] The selective laser melted TC4 alloy has been chemical polished in HF-H,0, solutions. The effects of
chemical polishing time and H,0, concentration on the surface morphology, roughness, gloss, weight loss rate and thinning
rate of the specimens during chemical polishing have been investigated. The result shows that the surface roughness of the
specimen gradually decreases, while the gloss, the weight loss rate and the thinning rate of the specimen increase with the
increase of chemical polishing time; and with the increase of H,O, concentration, the surface roughness of the specimen
firstly decreases and then increases, while the gloss, the weight loss rate and the thinning rate firstly increase and then
decrease. In particular, the optimal chemical polished surface of the specimen has been obtained at the HF : H,O, volume
ratio of 1:5, the chemical polishing time of 8 min. After chemical polishing in the above optimal solution, the adhered
powders of the specimen have been completely removed, with the surface roughness R, of (3.5 +0.3) pm, and the gloss
of (80.3 £ 0.7) GU, and the surface quality of the specimen has been significantly improved compared to that of the as-
built specimen (surface roughness of (13.3 + 0.8) um, and the gloss of (0.9 + 0.3) GU). Moreover, the chemical polishing
mechanism of titanium alloy in HF—H,0, system has been also discussed.

Keywords: Titanium alloy; Selective laser melting (SLM); Chemical polishing; Surface roughness; Gloss

DOI: 10.16080/j.issn1671-833x.2023.11.084

*BEETH: EEK AR 4 (52271108 ) 5 I ify i 1 A8 B Y7 #8 SA R TR 4% R B 5% b0 3 H (20022255500 ) 5 b if i {28 Bl 24 5L 4
(21ZR1445100 ),

84 WizsMiEHEA - 202345 o6& SE 1110



‘_‘i‘ » »
RESEARCH E;I:%rex

B 4 B % A 5 B v RN ek P e 5 A A
BT TSR BB A T A S 2
3o U2 XL A 2 T L A A R SR Y
A AR AL G0N T AR B e DL L H =0k
KBRS R B AT L 2 R IR
BIE BT SR 3 R 7 S5 SR AR IO XS AL AR
TEAR A 4 5 ZR A UK A 45 Dy i EL A T o g P i 1,
SR, SR HIHOG 3 DA Ak 1 3 %) 40 i A 2 TR A L
B, 38 X A 1) 3 1 ST A R, ™ EE S R {4 R 57
B T AR AR SR S O TR, AT R O
T DX AR RA A2 1740 2 T I, 20 Bk 24 R b i s 4 i 40
3ok ) A ST E T ] o

H T, & H A 420 T 12 24 WL
6 B Akl U Fnes Ao MY A MUk R
T8 FH I RAF T A I 4] 424 P 25 T T, X642 2% P S e
FEREM L DU MELL R B Tk U9 safkey
P ETF X AR AN T e AT, [RIAEME DA SE B AR A
4 K N B S R AR A it ' 0 A2t 6 (LR TRk Ak i)
Db g i o e oo R L ID S S R P v 33
o 45 R 6 D 2 5 T T T (T 5 T S 2 T Y
HAR . A EA TR AR S5 & ERAG MERCR 4T
SR A A PR AR S BENS SR AR gt b S N s B
ot M, kA 4% Gkt 322 L HF-HNOM
R F R E L Pl R = A i RS AR e AR A AR
A, H Bk, A SCH H H,0, 188 HNO; X0 % X
WAL TCA &4 AT, il X R IR SR MU O
RIS R SR TSR RS, 3RS H,0, TR IE Skt
s [] X5F - 4 R TR G B 2t A 52 ), [] Bs X0 16 X A Ak
A A AE HF-H,0, 1R R I eHLEELA T T80T, LA
R EACE M 1 RS A R B 2R T S N R
B

1 HERAE

TC4 544k AE( 10 mm x 10 mm x 2 mm ) % JH
BOEHE IR AR TE EOS M280 #5845 [ ki 7l , Hor
K AR RLAR 15~53 um 36T % 280 W 4 # % 1200
mm/s FHEZEEEE 0.14 mm K AR JZE 0.03 mm A Fil
PR E 40 C. R AT K R DI L 2 B 2 85
IR Vs FLR A H 7 & S i S i ( ISM—-
6700F ) K4 %% K F-( FA124L ). T- 43 R.(ZY-6001 ). % I
FELA B3R/ ( Mar Surf TR200 ) 15 171 G5 B IR AY
(NHG 60M ) 43 53 it iR 1) D 4 2% T 50 i i )R
BE B DHLRE B FDCEEE 5 B0 78 HF=H,0, w0 h i T
e, 5 W E b S AL st (Rl an 5% 1 s . g (s i
HF . H,0, Fl1 287Kk F B 255 Bk A BR A A

F1 UERMXIESH
Table 1 Chemical polishing process parameters

it HEmML | HOJ/mL | HO/MmL %mni'?;'ﬁj u
1 10 30 60 2
2 10 30 60 4
3 10 30 60 8
4 10 50 40 2
5 10 50 40 4
6 10 50 40 8
7 10 70 20 2
8 10 70 20 4
9 10 70 20 8

Hr, HF &= 40.0% ; H,0, & & = 30%. iXkfkin
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KA, o ARG SRR my G ailFE I in b
i, g my AR Bk G AR, g,

dy - d,
6= x 100% (2)
d,

X, 0 Bk G A IHRBEER d, A ek & &l G2
JE, mm; d, S5 Aedil)E B EiX AR, mm,

2 ZR5iE
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Fig.1 Surface morphology of TC4 alloy in as-built state and roughness profile along Z—direction
(Z-direction represents building direction)

F2 AEMAIRWEIRINS IR
Table 2 Chemical polishing experimental data and fitted data

HF/H,0, (RFRLL | I [H] /min | HLBERE fum | LG HIBERE [um DGR IGU -G LI IGU| REH % UG RE R /% IR 1% G 1%

1:3 2 8.31 8.27 4.47
1:3 4 6.28 6.25 11.48
1:3 8 5.14 5.09 36.55
1:4 2 7.72 7.69 7.73
1:4 4 5.08 5.12 19.85
1:4 8 4.11 4.05 61.94
1:5 2 7.66 7.65 8.52
1:5 4 4.41 4.42 23.49
1:5 8 3.51 3.49 80.28
1:6 2 8.12 8.04 6.68
1:6 4 5.62 5.53 19.62
1:6 8 4.14 4.09 57.87
1:7 2 8.81 8.87 2.17
1:7 4 7.04 7.07 11.31
1:7 8 5.21 5.19 29.31

(2~8 min ) Akl 5 1R 2 A RLRE B GIRE R
SN R B, R R B 25 1) 9 248 5 - 1 Ak B 1Y
M E 2 i, mE 2 (a) o] 0L, F RS B R, B
A BT[] 17 A2 K 17 2 R, B HF/H,0, 81 1) B AR
Seil/INEHEIN, 75 HF/H,0, AT L 125 b4t E] 8 min
B, SR AR HURE B eI, M R, (3.5+0.3) pm. HA 2
(o) AT L, 2 T G I P4 st [0 ) ZE 4K 1 28 34 G
Bifi HF/H,0, TRFR LE ARG SRS I /N, RV 3 i —
55— W BAR b S. EAN, TE HF/HLO, (KBl 115,
ACHBES A1 8 min B, i FE e, G EE A R (80.3 £ 0.7 )

86 MizsHiEHEA - 202345 o6& iE 1110

4.52 2.57 2.61 2.05 2.11
11.64 6.09 6.13 6.24 6.29
36.61 13.51 13.54 12.89 13.41
7.88 2.92 3.07 2.19 2.52
20.32 8.23 8.85 9.07 9.15
63.59 16.87 17.23 14.49 14.88
8.57 2.73 2.69 2.34 2.27
23.55 10.51 10.56 11.21 11.28
80.44 19.52 19.57 15.16 15.27
6.87 2.29 2.69 1.96 2.26
20.33 8.49 8.63 8.57 8.93
59.48 16.68 17.32 13.62 14.11
2.13 1.84 1.96 1.36 1.45
11.37 5.52 5.74 6.07 5.85
29.32 12.88 13.21 10.72 11.37

GU. K2 (c) f1(d) Rk re e g R jdii R A8 1k, 45
SRR, e 2R F SRR R A A M R AR Ak B, /)
TR G TR Y v e A ] %) S T AN T 48 K it
HF/H,O, LB SE I RIS u /N . (EAS I B2
HF/H,0, L 1: 5 ALHLAT[E] 8 min B, 26 R iR
SR, 43 3R (19.52 £0.17 ) % F1( 15.16 + 0.13 ) %,
L IREE T | BE AR B E K, 2 DRLRE )
CEERE O TR B R R 8 K 5 Bl HF/H,0, R
FL I RRAIG , 22 TEDHDRS B2 S0l NG B, 63 R R
Y THE 23R ) 2 R S S RS s N A
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Fig.2 Effects of chemical polishing time and HF/H,O, ratio on surface roughness R,, gloss, weight loss rate and thinning rate of specimen
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Fig.3 Effects of HF/H,O, ratio and chemical polishing time on surface morphology of specimens
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Research Progress on Properties of Metal Lattice Structure by Additive Manufacturing

HUANG Ankun', WEN Yaojie', ZHANG Baicheng™?, QU Xuanhui?
(1. Beijing Advanced Innovation Center for Materials Genome Engineering, Institute for Advanced Material and
Technology, University of Science and Technology Beijing, Beijing 100083, China;
2. Beijing Laboratory of Metallic Materials and Processing for Modern Transportation, Beijing 100083, China)

[ABSTRACT] Lattice structure is a three-dimensional, regularly arranged porous structure, which has high specific
strength, high specific stiffness and excellent heat dissipation performance. It is the main carrier of integrated design
of multi-function. Due to the complexity of lattice structure parts, the traditional preparation process cannot be directly
used for manufacturing. Additive manufacturing technology is a new manufacturing technology that can build a three-
dimensional object via layer-by-layer joining material, which has unique advantages in complex structure manufacturing.
The lattice structure parts prepared by additive manufacturing can greatly reduce the weight of the parts and improve
the comprehensive mechanical properties. It has great technical advantages in the aerospace, energy, vehicle engineering
and other fields. This article summarizes and concludes the research on complex part structures such as metal lattice
structure, minimal surface structure and topology optimization structure, and comprehensively discusses the applications of
mechanical properties, lightweight, absorption capacity, heat dissipation and sound absorption. Finally, the advantages and
development direction of metal additive manufacturing lattice structure are summarized and prospected.
Keywords: Additive manufacturing (AM); Metal lattice structure; Lightweight; Energy absorption; Heat dissipation;
Sound absorption
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Research on Unbalance Vector Online Measuring and Weight Removing Method for
Thin-Disc Workpiece

ZHANG Shihai"? ZHU Yecheng®
(1. Tianjin Key Laboratory of High Speed Cutting and Precision Machining, Tianjin 300222;
2. Tianjin University of Technology and Education, Tianjin 300222)

[ABSTRACT] Based on the fact that the unbalance vector of the thin-disk part with large diameter—thickness ratio
can be regarded as distributed in one face, the measuring and calculating methods for the unbalancing vector of thin-
disc workpiece are proposed according to the vibration change of machine tool spindle before and after the workpiece is
clamped. Based on the extra unbalance vibration measuring system, the functions of spindle exact stop, tool positioning and
weight moving control of composite numerical control machine tools, the concept of online weight moving correction for
the unbalance thin-disk workpieces is proposed. The feasibility of unbalance vector online measurement and correction for
thin-disc workpiece is verified by experiments in the paper. The research can be used to online measure and correct of the
unbalance thin-disk workpiece without dynamic balancing machine, and it has certain reference value in saving workpiece
balance costs, improving workpiece balance efficiency and machining accuracy.

Keywords: Thin-disc workpiece; Unbalance vector; Online measurement; Online weight removing; Machine tool spindle
DOI: 10.16080/.issn1671-833x.2023.11.102

BRI I LA L3 PR R R 2 —, PR IE W 20y R S IE IR 4R iR
ZREMRABRAEIZL, AR/ N RD R RGS P CR B, R TR R SR e Rl ey
AREIE U R AP B S TR Pl . SR M AeRZE. (2)20 (22 50 ARAUH B 4 A 2
BAPRITE: (D IR ENL LT TN SPPHLSC I T A A A I A IE T Z A SR, 2
LRGN , SR AE R HUAR B AR IE B EREAT AN T TR PR AR 0, Oy A AR R i

* BETR : KEHHERIHTRI(2017KI110 ) ; K H AR R4 (22JCYBIC01640 ),
102 Wis B EAR - 20234E 5566 % 55 1110



‘_‘i‘ » »
RESEARCH ELI:%VEI

A WARES I TN T 5 T2 p0 8. 2T
WAL TR R RS A, B2 00 TR T NP8 ) e 2
AHEERIE = TR S, JF A b R -
AN RN LR By E

S b, R TR S HLUR ERA-F IR {5
AR, LA AN il 55 9 St 197 2 18] 5 0 22 250
LR PE AT 3 U, AT DASE R T AP i AR B,
TR 67N i £ ) I B 5 N R 28 N DL vy v E i )
O FHT 4 5K R A T M) 2 J0OKE B v S HG T O TR
Dyer 45 U $2 1 T — R P ROIACT 24y
WP R AR GEAR L MR R 138 A7k R HHIIT ik, P
TR B A TE R . Zhang® 41 T —FE TR K
VUS55 9 F Sl 2 820 2 B0bR E FIE LSBT 15
B2 TLAE S ) A 2% PR3 P AR AR AR
P, IR G AR RSN 7S B Al ih, Ay T
ST PR LR R Tk A R AR . ARSI T AE —
TEFRRE LA P T INFe T R G812 FrE S RO A U
(DR 95 SUIKENIV - ZINER 4 & ] ] e

AL, RESBEIUR(IN 2 6) AgE
Thfiedst T RGENL AL E A DRE, PR DIANF R Sh
il 55 70 B 2R G, 52 4 /2 LA AP i e Sk 25 E 2
Ko THAPA AL E BRI ERERMNER
Pl o K E AR BRI TR 5 e
AR B TR R AR, BEMITHR T BB A AL
W X ) 2 0 T T AR A R ) AR i
I3 AT VLR TG J] 3 A1 0 R 552 PR 2% B AN P A 9
Wi, SR R BUEE I 25 B, DA BR G A
o FAR R, Sr TR TT R ANZ HE T R VR
LT 8 A R A v BB T DI 2 A
AT R HE T AR T s R AR (BT AU R DI
i 7 58, FAL I DY ) 25 B AR AN 2 5 2 M A A
Gro BN R T AR 0 A 4 A X R A )
Jr L7 A B, S R, H Newton SE TR AR,
XA R ZEREAT B IE., F XA L A B (B DR 22 A T A2
KPR OO LA 5T A LR AN S A A 2 i
S H RS TOE RN (Oh) IR LR, R
PR AE TR 5 U8 R BRE AR e, BRI EE
s ZAUE RN UR DI REAR LT

1 BETEWRANHERTHATEHEES
MESKIER
11 HEIGATFEHERZNE
AR ELETHEABRKNRE]L
(= 5), T i ] LUB A5 AR 12 7] —F- 1 4 .
I, AR T A AR e R LR R B o i L, 6

RSP TAT SR 2R B M T 0 S S e s R
TAFZ A AN A 4R B 1 A8 A 17 18] 422 0 53 T A A Al
OB RA R S RN T

(1) 7E 5l 038 247 A0 15 PR shRe i o5, i &
SR A 0, FE R BN TAFRY S O T I
SR Bl SR EAR T, DA s S B4, SR 3 5h o) 1h
RVHAREE S B h V.

(2) ¥Rk T C AP g B U) % T
o B YRR Al o 2 P T 0, R RO
PR RN AR S5 S, R m S VTR AL
Ui TR 00 5 S B R

R=(Vi-Vo)/ U (1)

WEIRR T, W ISRV, S 28 R al/E b
W%, T TR T e LA 5, s R4 T
5 S AR S5 5 16V, U T5 0 22 5k
PR3 SR, AT TN A

U= (,-V)/R (2)

e b TR 2) AR I, 7R AL T A
Y N 1 AN A U BIVAT ST R
Ml i TEZR A IE .

12 KIERESH

(1) MEHR . 2 A PRSI S 5
AR R R BN SRR FE RN R W, T
ANl i 35 1) 0 B84 5 LS 22 (RDAS ATkt B s A7 A —
SERIIRIE . LAASE B B I (B e IE AR, 52 1E S 4%
IRATTRAY— 1 B o V5 £ A S Al £ 5
PR S AR LA 5 3 Un=U, Loy, UpmU,Zay, T
AR Ay A E S PR AR A AT TR R B, ] 1 a )
JIF7 o

AP L Ca) i i o6 2R T LASH T TSPl
R IE SR AR A A AR U, H

U, = /U + U, -2U,U,cosAa,

v, J1+(% b A ‘3
= +| —] —2 ;7 cosAx
() g
X, Aoy=a,-a,.
o
y U, y
Ay Ul a, "_J:
a
0|/, X {0
— X
o u, Ka, s
N
UI It re2
* P=U,
— —
P=-U

2
(a) MEEiR2E (b) KIFERE
1 MEERERESHT
Fig.1 Measuring and correcting errors analysis

20234E 5566 & 5 1110] - Bt hlER A 103



,—‘? N »
H[%lex RESEARCH

(2)RERZE DT, TAFAPA LA I 2
TERAEHUR b BT, AR R 2E F 2ORIR T R E A
B R P A AR BT P AR TSR 22 TR RR AN 28 2)
Ve R 22 KB R P AR IR 225 T
PHEE TR A IE S U, SEBRIRE B Up=U, L ag,
W TAFAZIE IR PR AR AP T U BN AT 1 (b)) P
Ne HIELL (b)) Fp A 58 & T LT3 TR IE S
BRI B IRAE Uy,

U,= /U +U.-2U,U,cosAa,

u,\° U (4)
=U, Jl+(£) —ZﬁcosAaz

K, Aa,=o,—a, .

h(3) M(4) mTLLEH, ins Aa,=0, AazzO,U‘EEﬁ
W AR TE A 7 AR 228N, TR 8 AW iR
REIE , R 7 B 1 ask AR T % T A4 s A WTAE = 1
b

M Aoy 5 Aay, BUEEKET  ABOL R 22X 8 TE 5 T4
BRARANT i et W (B 52 T 2 R B iR T RO TR
ks

FESEBRI A, TAEAS ST Al £ A B3 R AR T 15822 5
SEME N

2 ERTIHAFATEHEELXMNERKIEIKXR
21 RS

R TR T A AN A i A TR AR B A
2 (a) FCh) PRy aRis & T, K 2 Ca) ALl
T AS S A AR 1 T, A, R T A AN e A A
BT, Ay A, TR SEROAN P ) R HE i 0 4 2142
) 3550 43 A B B AE — BB RRLPF ARSI, AR IR AR — 12
BELE AR (8RR 37 A TR R (SR SCFL A, I e B R
RESTIAL A8 SE P87 PO A et S8R R 8 S T )
PR, BV AT S AN A e Y

Bl 2 (a) s TARARKRIEL, AL A, T
N B AP ] DASE BT — AP b, HOS i 9
FAEIE RN 2 (o) Pran. SRRy iR AR g, Ak
F—rE BB, LT 7 A AN e P DA SE A 18 7 IR R4
Qs Q, MIE AP A TICIE

K2 () gy, @, G5, @, 205008 A T 4 ZH35
HERE T AR R F 5L Q. Q. Q. Qu I A, THI
N 4 LI RER BT A IR, Qo Qs 2PIH S
BT 6 o BT 1) i B 3 AT AN Al e R T
KAEZ Bl R A

ﬁ§—¢=634—612 (5)

S E L 3% AL A, SFTEN 4 A7 ) R IR R

104 B MG HEAR - 20234F 566 %5 1110)

PEATIE 24985, BRI AT AE 360° Y0 [l PN X T A4 A S £ o 1F
AT BEALR RIS IE o ASEA0L 2 DR 2 il A 54 il = 1141k
ARG NE 3 . K 3 h R RS i F 5 R AL HT/
Ji S A BT A, T R 38 A A e i F AT L
WV B AR Rl IR SR Sh RGE ] SCE AL + R R G
BRI . HEA T AR ZE AR AL, I8
REARINEF Jed o L P HL IR T RS AL A8 50 5]
W =5 S St IR S5 5, 38 e T S W = 2k

PR A
BRI

(a) THEMK

N2
/-
Q34

(¢) TAFAPAir ik 15 S5 A ST

2 EEIWHREFRFEHEETIME
Fig.2 Thin-disc workpiece and its unbalance vector
adjusting mechanism
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Table 1 Experimental data and influence coefficient of 5 times

155 IR AN I E AT FAER Y
5 | &/ (pm2®) | HkSh/ (um2®) | (um/ (g-cm £°))
1 11315 £ —42.97 | 17.745 £ —39.93 | 0.425 £ —30.46
2 11.135 £ —4232 | 17.779 £ —38.14 | 0.444 £ —27.08
3 11.112 £ —42.83 | 18.008 ~ —38.87 | 0.460 £ —28.62
4 | 11352 £ -43.66 | 18.128 £~ -39.23 | 0.453 ~ —27.88
5 11.199 £ —4331 | 17.463 £ —38.73 | 0.419 £ —26.25

®2 IHAFEEEOMNEER

Table 2 Reverse calculation results of workpiece unbalance vector

e Eﬁf{iﬁiiﬁ*?@i ANV B B A S MR [
Rzl 1 (um 2°) (g-cm £°) (g-cm £°)
1 5.967 £ —66.73 14.9 £ -170.18 2.546 £ 86.35
2 5681 £ —67.35 | 15477 £ -171.61 | 2.393 £ 70.69
3 5727 £ —68.18 | 15.542 £ —170.82 | 2.612 £ 71.63
4 5.853 £ —67.87 | 15.286 £ —17020 | 2.658 £ 78.21
5 5983 £ —66.16 | 14.774 £ —170.46 | 2.45 / 88.84
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Table 3 Correction of workpiece unbalance vector

P55 BREATPARE ) (pm2°)

1 11.431 £ -27.42 7.252 £ 83.12
2 11.65 £ —28.53 6.553 £ 74.44
& 11.481 £ —40.39 1.43 £ 41.41
4 11.702 £ -30.94 6.07 £ 75.41
5 11.827 £ —40.02 2.145 £ 35.25
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