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Abstract The characteristics of silica aerogel skeleton reinforced modifications are described in detail. Research
progress and future development trend of reinforced skeleton of silica aerogel by co—precursor, chemical additive , aging,
surface modification and heat treatment technique are described. The aim of this paper is to provide theoretical bases and
methods for designing and optimizing the microstructure and properties of silica aerogel.
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Fig. 1  Flowchart for the preparation of silica aerogel
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Research Progress of Out—of—Autoclave Prepreg Processing Technology
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(Aerospace Research of Institute of Materials & Processing Technology , Beijing  100076)

Abstract  Out of autoclave process (OoA) technology is an effective way to achieve low cost manufacturing of
structural composites and one of the hotspots in the field of composite materials research. The research frontiers and
applications of QoA composites in aerospace field at domestic and overseas are introduced and the defect control
methods in OoA forming process are summarized from two aspects of material system and forming process. In the
process of QoA preprepreg forming, the void fraction of composites can be effectively reduced by minimizing the

volatile content in the resin, fine controlling the reaction and rheological properties of the resin, controlling the

infiltration degree of fibers and resins in the prepreg and optimizing the forming process.
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Thermal Effect Analysis of Polytetrafluoroethylene Under Arc Heater High

Temperature Environment

HAO Jinbo NA Wei CHEN Zhengwei
(Beijing Institute of Space Long March Vehicle, Beijing 100076)

Abstract  Under high temperature heating condition, calculation result of the temperature profile of the the
polytetrafluoroethylene was effect by the dynamic ablation pyrolysis greatly. To improve the computing precision of the
temprature profile, the method for computing the ablation temperature field for polytetrafluoroethylene has been set up,
which has been tested by the thermal response charactericstic of the polytetrafluoroethylene under arc heater high
temperature environment. By comparing the theoretical and the experimental results under arc heater high temperature
environment , the results show that the temperature increases with the time passes during 230 °C to 323 °C temperature rising
zone. The theoretical result changes in the same tendency with the experimental result. During 323 °C to 680 °C temperature
rising zone , the temperature of experiment increases with the time passes. When the theoretical temperature is fixed , the
theoretical result deviates from the experimental result. During 680 °C to 390 °C temperature reducing zone , the temperature
of experiment decreases with the time passes. The theoretical temperature is higher than that of the experimental result.
It is associated with the computing deviation of the ablative data. By using ablation temperature computing method, it can
simulate the thermal response characteristics of the polytetrafluoroethylene under the arc heater high temperature
environment effectively. It can provide reference for the design of products.

Key words Polytetrafluoroethylene , Ablation thermal effect, Temperature profile
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Tab.1 Test fluid field parameters

PUERK  gREEs CPRRGREAW -m? RG] kg
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Fig. 2 Surface temperature curves of the polytetrafluoroethylene
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Diffusion Bonding Process of Microchannel Copper Heat Exchanger Based on

Genetic Optimization Algorithm

YE Jianhua CHEN Minghe XIE Lansheng SU Nan LUO Feng

(College of Mechanical and Electrical Engineering,Nanjing University of Aeronautics and Astronautics,Nanjing 210016)

Abstract Based on genetic optimization algorithm, the diffusion bonding process of T2 copper was studied.
Used orthogonal test method and combined with back propagation (BP) neural network and multi—objective genetic
algorithm, the temperature, pressure and holding time of the diffusion bonding are taken as input variables and the
bonding rate and deformation of the sample were taken as output variables after diffusion bonding. The process
parameters of diffusion bonding were optimized, and the corresponding diffusion bonding verification test was carried
out. The results show that the appropriate diffusion bonding process parameters of T2 copper are: the temperature is
780 °C, the pressure is 7. 5 MPa and the holding time is 120 min. Under this condition, the bonding rate can reach
95.26% and the deformation is 0. 166 mm. The above—mentioned process parameters are used to manufacture the
parts of the microchannel heat exchanger, and the deformation in the thickness direction is 0. 162 mm. After
ultrasonic C—scanning, the bonding condition is good, and the sealing and design requirements are satisfied after the
pressure—proof and leak—proof detection.

Key words Microchannel heat exchanger, T2 copper, Diffusion bonding, Multi—objective genetic algorithm
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Tab.1 Chemical composition of T2 copper
wl%

Cu Fe Pb S Sh As Bi BEW:S

99.90 0.005 0.005 0.005 0.002 0.002 0.001 0.08
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Fig. 2 Optimization flow chart of multi—objective genetic

algorithm for T2 copper diffusion bonding

P HO%E 2 AU AR A R MRk R Y
— AN H B RS R R e G TR
S A R e AN CE S R R ARAR
I, R R B R AR i (KN, AR A8 Y
EU Iy N7 S e L <) I B O S S W = 257 o
MO R i, B LIRS, )&
T A AH R T WSS A I 455 1E oL, R AR
QIHHERE %,
Ah =h, - h, (1)

l
l:%x 100% (2)

U, A AR AR TR B, b AR AT PR
SR E L b IR R KR B L DR S R L AR
P AR SR EE 1 AR AR PRI DB
2 HBR5iTR
2.1 EilZHER

KRR ZE R ST T2 S 9 Bl 4 T 2240
TR G AR R B 2 (R RS 5 R T 25— AR AR
NgppeAA, i EL I ZRkeAS i I 08 Rl A AR i B
AT RERAE , BEAS 18 1 22 00 28 I R A5 Sy
AR ICR M IEAZ IR 56 J7 ST 3 I &R 4 7K-F 193 HGE
HelEe o IR ER kAl DU REAS SR B, A
AR I A SN 5] A, AR TE S S0 T i A
TR A A TR . AR 2 R AR B A R
B ARRE  F 0 3 (D TR I &2, 48 )5 i
FEAATIE JWOCIE R #2450 2) TR HAR & 5, 1E
SR TT SR LA LA RN 2 7R



R2 FEUEREARER
Tab.2 The results of diffusion bonding test

75 WEC TESI/MPa i)/min JEA5H/%  AF T /mm
1 720 5.5 60 32.12 0.032
2 720 6.5 90 42.61 0.045
3 720 7.5 120 45.49 0.062
4 720 8.5 150 60.23 0.098
5 750 5.5 90 57.86 0.087
6 750 6.5 120 61.22 0.121
7 750 75 150 69.34 0.162
8 750 8.5 60 68.73 0.224
9 780 5.5 120 77.61 0.159
10 780 6.5 150 91.03 0.218
11 780 7.5 60 88.12 0.135
12 780 8.5 90 94.59 0.287
13 810 5.5 150 88.7 0.162
14 810 6.5 60 90.08 0.237
15 810 7.5 90 92.35 0.265
16 810 8.5 120 97.68 0.350
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Tab.3 Optimized process parameters based on Pareto solution
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Microscopic Cutting Mechanism of Unidirectional Carbon Fiber Reinforced

Plastics Based on Zero Thickness Cohesive Element

LIU Xiaopeng LI Shujian NIU Qiulin QIU Xinyi

(College of Electromechanical Engineering , Hunan University of Science and Technology , Xiangtan  411201)

LI Pengnan

Abstract  In order to explore the microscopic cutting mechanism of carbon fiber reinforcement plastics
(CFRP) , the zero thickness cohesive element was used to simulate the interface phase by finite element method. The
carbon fibers were cylindrical and randomly distributed in the matrix to reflect the microstructure of CFRP. Different
constitutive rules, material failure and evolution criteria were set up for each constituent phase. Four typical
orientation (0°,45°,90° and 135°) were simulated to investigate the microscopic cutting mechanism of unidirectional
carbon fiber reinforced plastics (UD-CFRP) under different fiber orientation. The results show that the microcosmic
damage of CFRP is different at different fiber orientation. Interfacial cracking and fiber breakage are the main failure
modes in cutting 0° CFRP, tool invasion is the main failure mode in cutting 45°and 90° CFRP, fiber breakage and
cracks along fiber direction occur in cutting 135° CFRP, fiber breakage point is below the edge of the tool. Finally,

the accuracy of the microscopic model is verified by experiments.

Key words UD-CFRP,Zero thickness cohesive element, Microscopic modeling,, Microscopic cutting
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Fig. 8 Microscopic destruction topography of different fiber orientation cutting experiments
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Simulation of Residual Deformation and Cutting Force in High Speed Cutting of
GH4169 Nickel-Based Superalloy

BU Juan HUANG Shutao YU Xiaolin XU Lifu
(School of Automobile and Communications , Shenyang University of Technology, Shenyang 110159)

Abstract A two—dimensional cutting simulation model of high speed high temperature alloy GH4169 was
established by using ABAQUS finite element analysis software, and the cutting process was simulated. The stress
change and distribution in the cutting process, the effects of cutting speed and cutting depth on stress distribution,
residual deformation and cutting force at cutting end were obtained. The results show that the maximum equivalent
stress of the first deformation zone varies little in different cutting stages of the cutting process.The cutting speed has
little influence on the stress distribution at the cutting end of the workpiece. The larger stress distribution area
increases obviously with the increase of cutting depth.Plastic extension deformation will be formed at the cutting end
of the workpiece after the cutter cut out of the workpiece.When the cutting speed is low, the plastic extension length is
large, while when the cutting speed is high, it is small. The plastic extension length increases with the increase of
cutting depth. The cutting force F, increases with the increase of cutting speed and depth. The cutting force F,
increases with the increase of cutting depth, but cutting speed has little effect on F|.The effect of cutting depth on F,is

greater than cutting speed.

Key words High speed cutting, Nickel-based superalloy, Stress distribution , Deformation, Cutting force
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Tab.1 Physical parameters of workpiece materials

F L FRR LIk FE

/W+(m-K)! /J(Kg-K)™! /10K~

14.7(373 K) 450(373 K) 11.8(293~373 K)
15.9(473 K) 480(473 K) 13.0(293~473 K)
17.8(573 K) 481.4(573 K) 13.5(293~573 K)
18.3(673 K) 493.9(673 K) 14.1(293~673 K)
19.6(773 K) 514.8(773 K) 14.4(293~773 K)
21.2(873 K) 539(873 K) 14.8(273~873 K)
22.8(973 K) 573.4(973 K) 15.4(273~973 K)

23.6(1073 K) 615.3(1073 K) 17.0(273~1073 K)
30.4(1273 K) 707.4(1273 K) 18.7(273~1273 K)
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Fig. 1 Two—dimensional orthogonal cutting finite element model
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%2 Johnson— Cook #EEI S
Tab.2 Johnson—Cook model parameters

AIGPa B/GPa C m n

0.98 0.137 0.017 1.03 0.02

%3 Johnson—Cook {3 {5 5%
Tab.3 Johnson—Cook damage parameters

D] DZ D3 D4 DS
0.239 0.456 -0.3 0.07 2.5
2 HEFE

D HR AR ik, BT T 104105 31, BT
AR D) IR FEE RO 38R P A — AR B DT
x4 HEARHE

Tab.4 Simulation scheme data
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Fig. 2 Stress distribution diagram of high speed cutting process
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Fig. 3 Formation of workpiece boundary defects
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Fig. 4 Stress distribution and residual deformation of cutting

end at different cutting speed
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Fig. 5 The influence of cutting speed on the extension

length of cutting end
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Fig. 6 The influence of cutting speed on the position of

negative shear angle
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Fig. 7 Stress distribution and residual deformation at cutting

end at different cutting depths
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Fig. 8 Effect of cutting depth on extension length of cutting end
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Fig. 9 The influence of cutting depth on the position of

negative shear angle
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Fig. 10 Time—domain curves of cutting force in cutting process
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Fig. 11 Cutting force simulation waveform at

different cutting speeds
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Fabrication and Properties of Insulating Tiles/Si0, Aerogels Composite

WU Wenjun' XIAO Peng' ZENG Fan’ GAO Zhiyong’

(1 Science and Technology on Advanced Functional Composites Laboratory , Aerospace Research Institute of

LI Junning'

Materials & Processing Technology, Beijing  100076)
(2 The third Military Representative Office of Air Force Equipment Department in Beijing, Beijing 100076)

Abstract The insulating tile reinforcement was fabricated using mullite fiber, basalt fiber as main components
and silica sol as binder. And insulating tiles/SiO, aerogels composite was prepared by infiltrating the silica sols into
the insulating tiles via vacuum infiltration, followed by gelation, aging and supercirtical drying. The microstructure,
thermal stability, and insulating properties of the composite were characterized and measured. The results show that
with the increasing of the content of basalt fiber of the insulating tiles, the room—temperature thermal conductivitie
decreased from 63 mW/(m*K) to 47 mW/(m*K) , and the cold—face temperature dropped from 200 °C to 117 °C in
the back—temperature tests heated at 600 “C for 15 min, due to the thinner diameter and infrared radiation containing

materials of basalt fiber. However the linear shrinkage increased thus the thermal stability of the composition

weakened , due to the remarkably low thermal stability of basalt fiber.

Key words Insulating tiles, SiO, aerogels,, Thermal stability , Insulating properties
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Ablation Properties of Carbon/Quartz Heat—Resistant Composites

ZHAO Xiaocheng YANG Kaiwei
(Beijing Institute of Space Long March Vehicle, Beijing 100076)

Abstract In order to acquire the ablation properties of carbon/quartz composites, the ablation experiment was
carried out under the condition of different stagnation pressures, different heat flux and different total enthalpy using
the arcing heater and carbon/quartz flat head stagnation model in this paper. Based on the experimental data, the
mathematical model between mass ablation rate and the three major factors , namely heat flux, stagnation pressure and
total enthalpy is established by using multiple regression analysis method , and the rationality of the model was tested.
The results show that the established three—parameter mathematical model has a good fitting degree to the
experimental data, and the heat flux is the most relative parameter. Compared with the single—parameter and two—

parameter mathematical models, the three—parameter mathematical model has a better fitting effect on the

experimental data and can better reflect the ablation properties of the carbon/quartz heat-resistant composites.
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Tab.4 The significance test results of regression coefficients
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Soft Molding Process Design and Defect Control for Two Composites With

Different Viscosity Epoxy Resin
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Abstract

Basis on the surface morphology of carbon fiber and viscosity characteristicstwo epoxy resin, the

appropriate curing pressures have been defined.The expansion pressure design and curing process parameters was

compared between the two epoxy resin with different viscosity.The results demonstrate that the epoxy resin with high

viscosity has an obviously optimized manufacturability and shorten the curing cycle by 13.6%.The gel pressure design

temperature (135+5) °C can guarantee the internal quality of the product, the curing temperature (170+5) °C reduces

the risk of product deformation.The defect proportion of composites supporting beams can be controlled below 0.5%,

implemented the quality requirement for aerospace structure composites.
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Fig. 1 Supporting—beam specimen cross section
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Fig.2 Supporting—beam specimen preparation scheme
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Fig. 3 Surface morphology of MT700 carbon fibers
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Fig. 4 Viscosity—temperature curves of 603 and 603B epoxy resin
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Fig. 5 Thermal expansion process parameters of 603 and 603B resin
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Fig. 6 Volume expansion coefficient and elastic modulus of R10301 silicone rubber
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Tab.1 Design and calculation of expansion pressure and
process gap

pressure design P, /MPa &
Mode 1 1 1.194
Mode 2 2 1.175
Mode 3 4 1.138
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Fig. 8 Local unit of MT700/603specimens
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Fig.9 Appearance of MT700/603B specimens

2.3 HHEPMEIZREIE

HT 603 5 603B Ffbi i Al T. 2 it 5 ik g 2
filh, BE£E MT700/603B & 4 A1 RHA 8 1) Fe AR s A5 i
P TSR A T I SRR R I ], R AR AR R
PRI IR 1 2 MPa A 7303 T, B0FE T 5 H A T £ 7
P BT SEME o X 10 (I A 4 21 AR AR 3 B % TG
oG 0 25 SR 0 AT ST, £ 4k U B0 BUEE 58. 5%~
60. 3% , £ 45 60%+5% (I TTE R, JCHTAS I 25 21 5]
T2,

F2 LHEPHMGETIRENILER

Tab.2 Nondestructive testing results of supporting—beam

identifier results/% identifier results/%
1* 0.19 6* 0.09
2# 0.05 7# 0.10
3* 0.00 8 0.00
4% 0.00 9% 0.00
R 0.00 10* 0.00
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Fabrication and Performances of Fabrics Reinforced

Ethylene—Propylene—Diene Monomer Insulations

LIU Yongxing' ZHAO Yuan’ ZHANG Weihai’ LIU Wei' WU Zhanpeng'
(1 Key Laboratory of Carbon Fiber and Functional Polymers , Beijing University of Chemical Technology, Beijing  100029)
(2 Xian North Huian Chemical Industries Co Ltd, Xian 414525)

Abstract  Conventional chopped fiber reinforced insulations have poor lateral properties, low interlaminar shear
strength, and insufficient impact resistance. We prepared several fabric reinforced ethylene—propylene—diene monomer
(EPDM) insulations. The effects of methods of fiber surface modification on the adhesion properties between EPDM and
fabrics including polyimide (PI),aramid (F-12) and carbon fiber (CF) was investigated. We choose preferred fiber
treatment methods to modify the fabrics and fabricate several fabric reinforced EPDM insulations. The mechanical properties
and ablation resistance of the insulations were characterized by tensile strength , elongation at break and linear ablation.
The results show that the tensile strength of the insulations are all above 30 MPa, and the ablation resistance is excellent.
Under the three fabric—specific woven structures, PI/EPDM has lower ablation rate, the most complete carbon layer
retention, so PI/EPDM is expected to be used in high—performance solid rocket motors.

Key words Ethylene—propylene—diene monome (EPDM) , Fabric, Peel strength, Ablative resistance,

Insulation material
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Tab. 2 Effect of coupling treatment of fabrics on the peel
strength between fabrics and EPDM

P YA KH-550 TR PR BB
il W% JUN E/N-mm Y
0 19.63 0.790 RT
0.2 30.25 1.210 RT
F-12 0.6 33.25 1.330 RT
1.0 28.50 1.135 RT
0.6 (DMF Fil4h 2 36.47 1.459 RT
0 13.49 0.540 RT
0.2 32.70 1.308 RT
PI 0.6 34.86 1.394 RT
1.0 36.07 1.443 RT
1.0% (NaOH AL FE)  92.49 3.700 R
0 8.135 0.325 T
CF 0.2 10.20 0.405 T
0.2 (HNO, it b 21 7.65 0.310 T
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Fig. 1 Possible reaction between F-12 and KH550

XF 28 i B %0 ki PL KHS50 K il [ T & 5
PL T —CO—R A4k 2E RN A, i 23 FIig 2 il 5 Pl
W —OH &4 KN . B KHS50 ¥ 3E i 3% i,
P S 5 B TR T T o AR PTEAT A ) ok AL BR
S 5 R B A G I, A B X 3 3 A AR AR AR 1 T
o PLEA B8 ZN K A I, 06 IV e 5k 11 K fiff ohy 322 35
IR Rl BE AT, B4 T 7 43R TE B v DL R TR, i
e T g Z BIER J1. i PLEHTAb
P S, L T A0 58 S A D e 35 A ) A X B i 2 B I
T P12, Fr DUHR B i B  F-12 K

F T34 B A SR B BB VR B AT 2 mm , A [w]
il e A o Rl LR B2 B, AR R A . Rt
T EB I R FH B0 G LB RR AT, 33X AN 23 5 AN [
P R B B R B A ] L. B SR
T A TR ) 28 26 UM EL , TR 4T 4 A7 AR R A B Ak
RSB E B N, B2 TR 4
X AU X EEATE  ER Sl b & kA4
WREF AR 5L 532 R oA BRTEI A L, R R
REAEAIIBIR . RNIEIEIRET 4™ Al A D ik |
FRIL AR S A7 B T . —Si(OCH,CH,) JE FK i J5
AT DU Bl ML A = A S A AR A AR,
—NH, A AT EPDM & AE 22454 o 764 A KHS550 4k
PR HNT CF A THSER A AL AL B, B 2T A A1 HLRE
SIAMNEE REHA, CF A1 KH550 AH BAE H#E— 442 5,
_ 50 —

B B0 B S R R AT R T CF B ) L) 3R 1
BoGH e M 2s  ZER B fE o, CR R R A
W5 B 204 CF BA7E T EPDM R I, Sk g i
B INHESHESIES LT LI , AEXTRSATE T KHS50
AR B ARG AT HNO, il b $H AT DA HORG #2350 SR 1k
— L.
2.2 AHERERERFBFIXrhEEEN I

Rt — 20 B R AT A A 5 BRI S E T SRR
B CH205 A1 A il BK—40 172157 T 25 % 318 30 3 (1)
oM o FEXT L P12 N PLAF4EAi k4T T
EPDM Ji i Tt A FRASCR AR, M2, SR L3R 3

®3 F-RAMPINRHEFRRIZMNES
EPDM = [835%] 55 58 & 1§ i

Tab. 3 Effect of adhesive treatment of F—12 and PI fabrics
on the peel strength between fabrics and EPDM

p—— ESEdt] TFYgRE PIHREER BR
- Jran HIIN JE/N-mm™ B2
CH 84.89 3.395 RA/AT
CH-EPDM 27.42 1.095 RA/AT
F-12/ BK 77.04 3.075 RA/AT
EPDM BK-EPDM 39.46 1.575 RA/AT
CH-BK 138.08 5.525 RA/AT
CH-BK-EPDM 106.07 4.240 RA/AT
CH 13.84 0.550 RA/AT
CH-EPDM 18.88 0.755 RA/AT
BK 32.01 1.280 RA/AT

PI/EPDM
BK-EPDM 29.03 1.155 RA/AT
CH-BK 69.21 2.770 RA/AT
CH-BK-EPDM 71.51 2.860 RA/AT
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Tab.4 Mechanical properties and ablation resistance of
different fabrics reinforced thermal insulation materials.

SR i@f Tﬁjﬁﬁrﬁ %ﬁ%‘%}iﬁ%ﬁ
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Fig. 2 Pictures of stretching samples
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Fig. 3 SEM of the fracture site of the tensile samples
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Fig. 4 Pictures of ablation samples
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Fig. 5 SEM of the ablation samples
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Inorganic Thermal Control Coatings on Structural Slab

ZHOU Huazhen WU Qiong GAO Guoli DONG Li

(Beijing Spacecraft, Beijing 100094 )

BAI Jingying

Abstract  The coating process of white inorganic coating on aluminum honeycomb sandwich plate in satellite
structure was investigated. The effects of grinding process on strength of structural board and adhesion of coating were
investigated. And the effects of curing at lower temperature on the appearance, thickness and thermal radiation
properties of the coating were studied. The results show that the cross grinding of 80" sandpaper for 2 to 3 times can
satisfy the adhesion of inorganic coating on the surface of structural board, and there are no effects on the strength of
0. 3 mm thick skin structural board. The strength index still meet the strength requirement of thin—walled honeycomb

sandwich. There are no obvious changes in the strength of structural board before and after grinding. The curing

process of 85 “C/12 h can meet the requirements of appearance, thickness and thermal radiation properties of the

coating.
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FbE R R A BEARUE TR 2 A0 45 5 1, IN LR U
AT X S A BEAT IR BEAT LA . (R 25 M B i BRS¢
BZIRAT 0. 3~0. 5 mm, TRBEST 2 13 23 B AR 45 K A 1Y

B—AEH TN AR 1987 F A i, TR, 2N HE IR BEH AR T 205 TAE. E-mail:zhouhuazhen_87@163. com,
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SREE, T B A TR

(2) T AL A 0 2 00 846 IR B A A, iR
120 CHIEAKE 85 C, (H IR FR e 5 R 58 i Je 2 454
it AN B 3 90 °C, BT LAGE A M 2% T I 2 T WL IR
K HASH L 90 CRYBAR IR MRS 4L T2 . KRtk 7
B UE TC ML A U 2 SR T IR B2 (85 °C/12 h)
AT , 1 )22 45 T B FE s 2 75 R 2K

QIFERAERINR LGS A LI A
SR RMERE, IR RS IR 24 A I EE
o

(4) 1R Jo W TR J2 55 Tl /2 T 21 4% 0L RE 48 A 119
2R

a) SN N 34 5] TR TR S TC# I A
BB 5

DIRIZEE>TF 120 pm;

) VR 2 101 % B R 260 ~ 380 g/m’;

d)IBJZ R AL L a=0. 17+0. 02, 25K & 5
Fe,=0.92+0. 02;

e) 2 B AE Pk 5 . [ W A (1 min) ~100°C (4
min) |, ¥ LA 100 K, ToHL 1 EE AR TR )2 S 0L 5
R, R A), JoR I B8 FTEFIHL
2 iR
2.1 FEBEMBIRIRIEH
2.1.1 FEEHMB

TeHLEE ToK LB,

2.1.2 REHFER

TR —JE 6 44 . HA 0. 310, 5 mm JESE 1
SERIARIRIR 45 3 4L 3 44143531 560 mmx 1140 mm
(114) .700 mmx805 mm(214) | FAG 4/ M R —3£25
4 Herb 40 mmx40 mm £ 20 £, 70 mmx 120 mm ) 5

FE T 200 5 75 2E A7 TOAL B AR R 2 1 IR
ST RE T R S S EN, T R iR R AR
AR, /N R 2 B R a0 J2 0 IR S 1 g, R
FE R IR 2 R T B, BRI 1,

£1 IZTRHEME
Tab.1 Classification of tests

iR

. TR
A 0.3 mm 0.5 mm
551 FTHE T FTHE w5t 560 mmx] 140
7 mm mm
[EPES THLHE

SR FTEEORWEEE FTES NWEE 700 mmx805 mm

T L I L
{Efuy kb 5t aaps: e

2.2 ZHEFREREREH S

551 RIS 8 S Xt 4 M ARG 6 1 A B
SUAL R AL EFL BRI  SE A FH 3M B A HEAT IR
1, 885 R 8O P ARXT AR AR 4 X I A T IR B T B &
U 2 LRSS HE ST BE SO, T8 5 SR A Wi TR
DX 35k 247 A i B S 389 50 1) 2 B RS ST R , A
B AR . ARG 2 IE T . AEIE S R 1Yt
B R R 2 AW IR LR . G
i R HORH R A 2

T ARSI AR AT B I R —
MR — ML [ b — AR — P B it

S5 2 PR IR SR S5 1 AR AR R A T
AbBE (HANIEE

TR R —FTEE R

55 3R X e, AU AT b 2R
2.3 HEEERT

TR E AL i R RS

2 T RE SR A E N =3 o O JEE S

TR B AR B AR IR 2 B i, il A
U ) 0 R A M i) s i 22 ) 55 0 J2 1 R
(SEFRm iR AR, mT RO 1580 B FRAEAS

U 2 P G BB IR - 422 BR GIB2502. 2—2006
SR 436 B 3 A BH IO L L 422 B/ GIB2502. 3
—2006 K FH 23R & S5 R BR R %

WEEE T B AIE A FRAE, F M A (1
min)~100 C(4 min) , ¥ HAE4E 100K .

ZEF MG BE - 2 IR GB/T1456—2005 6 e 5% e
J2 2 A U TET AR P AR P A S R N A5 A A
M BT PR i

T2 2 ] BB B A R T BB
(SEM) W%,
3 £R5iTe
3.1 TEIZHHIE

it FH T4 W IR WA T B i %) 3R T FWOWE T 45 an
BTN , WEREEST B i R DB 0] UG 4TS J5
1) 2% TH] S B S i () TS 8L -

FTEB 0 2 42 () MR A WA . — 4TS

P T I B R P2 Y ol i
Fig. 1 The microscopic test results of roughness after grinding
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o B T 0 56 B R R A Ak, BT S R
A S5 FE AR (R 5 B 5 R AT B R A RE AR IR TC AL iR
3.1.1 FTEEX G5 HIHR 38 FE B 220

K FHARRNRT A TESFEA: 5 AR TSR 22 X6
Fliat, 5 SR an e 2 i, MRS IR B, 0. 3 mm JEE5E
Fe AT (W 25 M = A~ F8 45 53071 by (88~97. 2) GPa,
(298.5~307. 6) MPa.(94~109. 5) MPa, £ 5 iR T
M ZE R R =SB FEHR bR 73 51 A (88~92) GPa.(294. 3~
300.5) MPa.(94.9~108. 4) MPa, 5AEFTEEREEXT L,

B AR AR I TE S AR AR 5 B ER Y 2 N

0. 5 mm JE5E J ARFTEE LR AR = A 484553 3 A
(91~108.9) GPa. (257.4~271) MPa. (118~137.6)
MPa, 28 55 TR B2 ATV 10 235 /) Bl = A1 98 B F8 B 53 50l oy
(90.4~108.8) GPa. (247.4~263.9) MPa. (92.6~
122) MPa, 5AEFTEEFECEXT L S0 AR AR /N, 3597
SEF AR R B R R 2 N .

BRI, oML BRI A HT AT S T 28
R B 5% 2 J72 5 B K

RS PRI

®2 FEEGSIETEREGRRER

Tab.2 The strength comparisons between polished and non—polished samples

» FAPEAAE V/GPa 2 il 3 /M Pa By YRR 9/MPa
52 % JE % /mm - - - - » 3
5 2 55 3 i 2 i 55 3 i 55 2 i 5 3
0.5 90.4~108.8 91~108.9 247.4~263.9 257.4~271 92.6~122 118~137.6
0.3 88~92 88~97.2 294.3~300.5 298.5~307.6 94.9~108.4 94~109.5

1) PR ZIR 270 GPa;2) 35 5 23K >240 MPa;3) B PR E 70 MPa.

3.1.2 FIBXNEHBERMERESE S HIHE N

L5 1 FP LR TOHL B AR TR 2 A S5 R AR DR
M2 100 mmx100 mm JRF /NG 63 e 244, IF
Xof P 558 g JRE 8 44 1 L 6 430 1 1A 7 A P16
R 254 A A (1 min) ~100°C (4 min) , ¥ 58 AR
100K .,

2832 100 WG A 5 AR S Q& 2 s o AT LA
A PR PRI S R R 1 TE AL R BRI 2
HMULRT R R A, RIS, TR e R S

WL .
b ||

(a) 5 mmEFE
K2 Jel A AR E R S 0 I T

Fig. 2 Photos of inorganic thermal control coating after

(b) 3 mmEEF

thermal cycling test

RAE PR IS U )2 0 2% T SOUR TR S5 R RS A T T A0
i 3 FE 4 B, B 3 0 )2 00 3% O 55 T LA
B, TOHLER JE R R M A B URLIR , B R
X F 5 TR 2 0 A8 S A B By il i T2 6
3 36 L AE PR TS YRR, R 2R 100 IR ATE
W, AL 2 O IE ST TC W A8 1k
FHMB T2 hitp://www.yhclgy.com  20194F 4551

(a) PIBFRHT
K3 PARFRTS U2 A ROUE S
Fig. 3 SEM photographs of the coating before and after

(b) FAFEIE

thermal cycling test

T W S s |
(a)  FAIHFRHT

(b) #AfEFH A

K4 PIEPETG R MR R T A
Fig. 4 SEM photographs of the cross—section of the coating

before and after thermal cycling test



FH &1 4 U 2 R I IR R AT LU S, TEHLIR 2
JEZ) R 150 wmo T2 R 48 R 0K, X 2R
R EHRZ)E TP &R ZE IR R 20
BT, al A b1 AR By R 8 B R AT LR
L IR R BEE AR FE ORI AR A A AR T, — 3
ZIHEEE B X FE R S EMOHATT S i A 2y
KA K 24100 KE EREI G B TTHLER 2 5 3K
R A AR RN B, AT DA G R R J2 5 3 b 2 (] 45
B

2 b PRI TR 2D (W EE ) OouL 4
1 2546 14 PE e 34 I B AR Ak, AT LA R S P4
5 IR E AR A A e A R IR PR B
FTEE () T 20T LA R IR 2 RAFES 6 T 20K
3.2 EWREXSEMEERZ

oL A TR 2 5 AT AR [ 4k, R
FH B A6 554 R U )2 D3 S TR 28 85°C, HEJE 12 he
LS I FUR 2 HEAT AN R AR PR R A .
3.2.1 HRENMM

T R IR U )23 U 2 S5 FH PR R G A 0% )22 b
W, AT LLE MRS R, 2 H 6, TRl R
g TCRITE S EG . K5 S RO B R R IR 2
i)

of

K5 THLABEAERZ A

Fig. 5 Photos of inorganic thermal control coating

3.2.2 REEEREZEEKN

el FHORS B2 A +3 o P90 JE2 S0 495 0 Al 2% 1 A0 T
JEJEERE AT RN , 0. 3 F10. 5 mm JFE52 A7 (13 14 04 2
TOHL TR P 1 2 I 1 JE B Rl ok 146 ~258 pm, T
A 70 mmx120 mm iz F 10 ICHL IR AR TR Z 1R
JEVEEITE 140 ~262 pwm , H7 2 TEHL B AR TR 2R
JE>120 pum BYZER, W 3 FR .

*3 FVARKEREAHEERATELR

Tab.3 The thickness and surface density of inorganic
thermal control coating of structural slab

SRR JFURRTE BURERE WA )2 IR RE
/mm /g Ig /g+m™ /pum
0.3 2218 2493 372 148~258
0.5 3070 3334 344 146~224
— 56 —

0.3 F10. 5 mm JE 52 {7 AR 104 2% ToHL I8 g
%2 5 B TH B EE N 344~372 ¢/m?, BT A 70 mmx120
mm 3R 2 1 1 TOAL 3 PR T 2 14 T 285 B V1B Ry
332 ~ 358 g/m’, 4N 4 Fron , B R TCHL AR IR IR
JZ i %% i 260 ~ 380 g/m? (ER

F4 THNBEZFAERERXAFEEREAZEILR
Tab.4 The thickness and surface density of inorganic

thermal control coating on aluminum alloy specimens

A JRERBRE BORE B W TRIZ S
G Ig Ig /g-m /um
1 22.81 25.61 341 140~226
2 2232 25.06 335 160~210
3 2231 252 349 186~262
4 22.16 25.13 358 168~230
5 22.38 25.1 332 161~230

3.2.3 PARHHIEREIEIR

X 7] 4t W5 2k 09 45 A 4 /it A (40 mmx40 mm)
GJB 2502. 2—2006{ il K #5 4 0% 21000 77 1456 2 38
A3 AR BHW I L) LA S GIB 2502. 3—2006 fii K
Fr IR 2RI A 3R AR L SR FH 4
T RE TR BR & S 23 0 A a2 iR 2 R
PHI M LG A 3R OR 5800 . TOHL R PR IR 2 iR
Je B AR S5 BRSNS 4n 2% 5 0T 7 o

x5 AHBRBEZRERES RN LER
Tab.5 The solar absorptance and emissivity of inorganic

thermal control coating on aluminum alloy specimens

R ORBm eEskRS | W KRB RERE S
B L () K(ey) I Lt (o) K(ey)
1 0.17 0.93 11 0.17 0.93
2 0.17 0.93 12 0.17 0.92
3 0.17 0.93 13 0.17 0.92
4 0.17 0.92 14 0.17 0.92
5 0.18 0.92 15 0.17 0.93
6 0.18 0.93 16 0.17 0.93
7 0.17 0.93 17 0.17 0.93
8 0.17 0.93 18 0.18 0.93
9 0.18 0.93 19 0.17 0.93
10 0.17 0.93 20 0.17 0.93

RS HRT LIS, TEAL B TR 2 B R B
WA 0. 17~0. 18, EER R B 2,24 0. 92~0. 93,
g5 b, TOHL I B TR 2 R T I U A 425 ] Ak
J7 B LAT B IR J2 45 U Re e bm Yo i 2K .
FRIME T2 hip://www.yhclgy.com  20194F 4551
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A R G R i gL FR

M4 57 A%,

i3

2 15 e P8 AR A B ah =
(At D RRIET ARRAE, dbat 100094)

X O OABTRANKSEE RN LY, R R EZF40 7 x4 e 23T, RIR T 4K
SRk G RN B EEES R RGP, T RE S Z AR EE SR n, £ TC4
B TALK G2 R mH 173 T 6% E S0 TR 14 PR, BN EfeX| R0 K402 R |k
B EE AR AR E A R AR b T AL (SEM) (A3 547 (EDS) (3D R84t 248 BB 5 7 sk 41 B
PILTG S0 Ao 2B g AT 3K, ; FR MK T 42 B 69 AL S SE4R B0 S A R B AR, RIS
R A R RMR R RS RATEN, AP B A R E RS R ER S4S LR AERE BN
SRR R WFEREN R AR TSR AR EH T 60 mV, 4548 B0 B4 w N3 5 T 600 mV, 45 E
oy -F ot AT FARBIN AR SR A RIS,

KiEIE HKoee  RBEE,RE, BT EENRRE

¥ B 4% 5 :TQ153 DOI: 10.12044/j.issn.1007-2330.2019.05.012

Investigation of Plating Technology on Surface Titanium Alloy Spacecraft

CHENG De TONG Xiaobo
(Beijing Spacecraft, Beijing 100094 )

CHEN Xuecheng XU Junjie BAT Jingying

Abstract A innovative technique named acid zinc dipping method was developed and applied to the pre—
treatment process for electroplating on titanium alloy. The surface was activated and the problem of poor bonding
strength at the interface was solved. For optimal performance of the metal coating, the effect of P contcent on bonding
strength of electroless nickel coating was further investigated. After improved pre—treatment method and optimal
process, electroless nickel, silver, gold coatings with high bonding strength were prepared respectively on the surface
of TC4 and TA1 titanium alloys. The bonding strength of coatings was characterized by thermal shock test and cross
cut test. The microstructure of coating was characterized by scanning electron microscopy (SEM) , energy dispersive
spectroscopy (EDS) , 3D microscopy and metallographic examination. Moreover, electrochemical property,
conductivity and thermal radiation performance of coatings were also measured. Results show that through employing
acid zinc dipping pretreatment method and adding medium phosphorus electroless nickel coating as bottom layer, the
bonding strength, corrosion resistance, conductivity and thermal control performance of coating are significantly
improved. The corrosion potential of electroless nickel coating increases by 60 mV compared to that of titanium alloy

substrate , and increases by 600 mV in case of gold coating.

Key words Titanium alloy, Surface plating, Zinc dipping, P contents, Property of coating
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1.1 SKEE&REEE

e TCA B2 TALBK 5 4, b i K G B
LI B 40 mmx40 mmx2 mm AR F o SK& 4 iR Ak
PR A2 B R 0 T AWy A WL R BR il — S
VBRI — TR IR Ve — 6 A — b PR (4520 Z M) g4y
IKBE) o SEIAL E B 2 I AT B A A B T 200
PR  RPRVE -4 & — Ja A BT (20 Z Rl A T
IKVE) o FEIAL BRI AT B AR AL B A T 200
FEA < B BR UG — TR AR — B AR — By A2 (0 4h BE— 4L T
(%P Z A HEAT K VR ) BR G SR IR VE . R H] 2l SR +
BRI 2 s 1 AR TR R B AL PEAR RN 1 T

R1 HESLEIREH

Tab.1 Plating processes of titanium alloy

Uy kxR IEERT S
VLSLIN YA
A AL HCl . H,80, 1k % S g
60~90 min
AR
) 50~70 C
£ NaCr,0, HF {£ % o
AL aCr,0, % LR FR I ]
10~20 min
AbFE IR
N } . 90~95 °C,
L33 K,Cr,0, . HF \ZnSO, A % bR ]
3~4 min
Qb PR R
N 70~80 C,
BHE2 NaOH .ZnO \FeClL,{& £ AR ]
15~30 s
b PRI A
BREZ3 ZnS0, HF /A H I, Ah B A]
30~90 s
. TRERER 18~28 o/L, YOILRERRHA 20~30 /L., "
L yH prE
ﬁéﬁ;iﬁ: A A 20 ml/L, %447 B 16 ml/L, gﬁ%i;“;i
o TR 1 /L, BilR0.5 mg/L, pH=7.0+0.2
BRERER 30 ~ 35 o/L, WO BERR M 12 ~ 15 g/L.,
o~ VE
gf;fi HAFCS~10 gL, HAFID 16~ 20 o/l z%@gg%;
" ZEhHIA 8~ 10 /L, pH=4.2 ~ 4.6
R ERER 20 ~ 25 o/L, KO IR 51 32 ~ 37 g/L,
b8 HAERME6~10gL BERF15~20g/L,  HuP¥iRE
R R B 18 ~ 25 /L, BRHT 1.0 mg/LL, (88+2)C

Willk 0.5 mg/L,pH=4.6 ~ 4.8

T8 DBEE R B N SRR A

1.2 EEMRERN

T PR VA ATRIAS Rk A R R S
FARREE AR

% FH ZEISS SUPER 55VP %! 1 4 H1, 1 & 1 455
(SEM) MRER Ak A B 2 OB 3, IR FH INCA BB
(NE S [h v S

K OLYMPUS GX51 4 4 5 il W52 b2 5
JE A A OB S

59 —



K H CHI660 FL Ak 2% TRl , 78 — F il 1A 5 v
R B AR AR 2, L S L AR O R R R
HLA (SCE) , %l By AR S 40 7, 3l Fi A A A il 4205k
FHEE EE 4 10 mV/min, $4 A28 F R -0. 5~+0. 5
V(vs. ocp) , MEA T 0. 1 mol/L NaCl %5 -

K FH XGH-100 %Y [m] #% 42 fisk e, BEL 0 324500k 95 42
AR i R f Pl BELEA T3

SR FH 2 B3 0 2 4 2 A R BH W L, R
BRSO B 4 2 00 2 BR R AR
2 #ER5iH
2.1 EUBERERERS

T AL AL BT, 5ok 7R T VR R R A &
FMHHT , R FTR PR VE (Z IR AR R ) ZBRER
GaREAZ . TERVER T, i SRR R 25
ot 2= 4 BRI AV ) HNO, 7R SR A 4 B AR s
EEIE, S5 HEE RN 2R R EIE N — 2R
AR Z , B 1 AR HE— 20 5 SRR S0, AT
SN b2 JEF g MR RO 3 e S48 AN [ B4 1 £k
TR R TS AR AT T 97

K AT L, b A B B AR 5, He i
FEAE R, R AE R ZU N 2 B R R
%, R SRS ARG W RE & AR T A, R e 2
TESLARIb 22 B 55 )2 22 ] v E) J2 A VR

KA T 6 AL 7 FEfL 2 B R A )
A A iy e 23 Y Py e e N U R

K H K,Cr,0, \HF . ZnSO, /& R 735 A, 458
3~4 min JZ I 5 R R R R IO AR 4, fsi
YN Y =R W i D e S A R = SO o S
KA SR TIE A2, TCRAE R A E PR O -

K NaOH . ZnO  FeClL /& R AT IG LT, il 78
BRREAL S | R S K, A B ARG BT RE A% 1E
WAHE 8RR A RIS RN BT A
RETEER & &R EIE NS & RIFnEE)Z , i T3k
SRR R,

KH ZnSO, HF AR R BTG KA 4l R
FEI G KA, ek 2= B R AR 5 BENS IE e B, 1%
JEAN R, R R AR R RIS, RIR A
ZnSO, HF AR R AT IR ALAL B, e A 3L = e
SRR RS AR . IR R HE RS S R
() A2V A, 5 Bk 4 8 SRR 5 ZnS0, K& A=
BN A R B REUE B T AR
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Honeycomb Splicing Technology of High Precision Reflector

QIU Baogiang'? LIU Tuyuan'? ZHANG Juanjuan'? WEI Haixu'* WANG Wei'?
(1 Shanghai Composite Material Technology Co. ,LTD. ,Shanghai 201112)
(2 Shanghai Aerospace Resin Matrix Composite Engineering Technology Research Center,Shanghai  201112)

Abstract In order to solve the problem of low precision of the reflector profile , the optimal splicing process was
obtained by theoretical analysis of the honeycomb splicing process of the reflector, and the process was tested and
verified. The results show that the number of hexagonal honeycomb core splicing is generally 3 or 6 times, which is
beneficial to symmetrical honeycomb structure, lattice regularly and reduction of the uneven distribution of in—plane
stiffness, and improvement of the surface accuracy of reflector. J=310A film can be used as the first choice for the
honeycomb splicing adhesive of high—precision reflector because of its convenient construction, the thin thickness
after curing, which can greatly reduces the effects of expansion mismatch and sudden change of stiffness of different
materials and be beneficial to improve the accuracy of the reflector profile. The pre—pressurization of the fixed clamp
and the co—curing with the reflector can be used as the current optimal splicing process. The method is simple and
low=cost. The 1. 8 m diameter reflector prepared by the improved honeycomb splicing process has a profile accuracy
of RMS=53 pm, which is 25 pwm higher than the traditional process and meets the design requirements. The
experimental results show that the reasonable splicing method of honeycomb can effectively avoid the influence of
foam rubber and honeycomb expansion mismatch, reduce the influence of the agglomerate adhesive and honeycomb
stiffness abrupt change, improve the symmetry of honeycomb structure and the accuracy of reflector profile greatly.
The use of this process to splicing honeycombs can also effectively reduce the amount of glue used and reduce the
structural quality of the product.

Key words Reflector, Honeycomb splicing, Process method , Surface accuracy
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Fig. 1 Honeycomb splicing pattern
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Tab.1 Properties of different adhesives
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Fig. 7 Honeycomb splicing specimen on reflective surface

*5 RSHEELEZESERESHY
Tab.5 Test part parameters of honeycomb splicing
specimen on reflective surface
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Fig. 8 Solidified honeycomb splicing on reflective surface
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Tab. 6 Test part parameters of honeycomb splicing reflector specimen
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Manufacture and Reliability Analysis of Impregnated
Poly—p—phenylenebenzobisthiazole Multifilament

BAO Yanling LIU Aihua ZHANG Chengshuang WANG Baiya CHANG Xuemei

(Xi’an Aerospace Composites Research Institute,Xi’an 710025)

Abstract  Impregnated poly—p—phenylenebenzobisthiazole (PBO) multifilament was manufactured by soaking
resin preparation and sample design. Chemical properties of PBO fiber and soaking resin were characterized by X-ray
photoelectron spectroscopy (XPS). Differential scanning calorimeter (DSC) was used to analyze curing reaction and
kinetics of soaking resin. Dynamic mechanical analysis (DMA) was chosen to characterize resin thermostability.
PBO surface and multifilament fracture were observed by scanning electron microscopy (SEM). In addition, casting
analysis was used to characterize mechanical properties of soaking resin, and the reliability of multifilament was also
indicated by tensile analysis. The results show that the soaking resin is a high matching recipe with uniform
infiltration and long storage life for PBO multifilament, which has firm tip reinforcement and short preparation period.

The tensile data of multifilament has low volatility , and strength dispersion is under 3%. This would not only improve

the reliability and stability of mechanical test, but also increase the efficiency of sample preparation.

Key words PBO fiber, Impregnated multifilament, Soaking, Strengthen , Tensile strength
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Tab.1 Basic parameters of PBO fiber
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Fig. 1 SEM morphology of PBO fiber
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Fig. 2 XPS full spectrum and Cls spectra of PBO fiber
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Tab.2 Content of elements and functional groups on

PBO fiber surface
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Fig. 3 XPS full spectrum and Cls spectra in FS—] resin
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Tab.3 Elements and functional groups content in FS—J resin
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Tab.4 Mechanical property of FS—]J resin
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Fig. 6 Macroscopic and microscopic morphology of
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Tensile Strength Distribution Model of C/SiC Composite Material Bolts

YUAN Jianyu PANG Jincheng WANG Ying XIE Guojun LU Kefei

(Aerospace Research Institute of Materials & Processing Technology , Beijing  100076)

Abstract  C/SiC composite material bolt was a kind of important fastener that applied in hypersonic vehicles widely.
However, the mechanical properties of this material had a relatively large amount of scatter while the distribution pattern
still remained in blurry, resulting in significant difficulty in material selection and structure design. In this paper, tensile
strength testing experiments were conducted using three kinds of C/SiC composite material bolts (M8, M10,M12) on an
electronic—controlled universal testing machine. The probability distribution pattern of tensile strength was obtained. The
two—parameter Weibull distribution model was fitted based on the statistical data, and the Kolmogorov—Smirnove test was
conducted. The results indicate that the tensile strength distribution of C/SiC composite material bolts accords with the

Weibull distribution model , with a characteristic strength 8212 MPa and a shape parameter a 9. 45. Moreover, the allowable

strength design can be realized based on the present Weibull distribution.
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Fig. 2 Structural configuration of C/SiC composite material bolts
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Fig.5 Tensile strength testing results for three kinds of bolts
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Fatigue Performance and Lifetime Prediction of 2024-T351 Aluminum Alloy
Friction Stir Lap Welded Joint

LEI Xinghai WANG Ruijie MI Peng
(Faculty of Mechanical and Electrical Engineering , Kunming University of Science and Technology , Kunming 650500 )

Abstract  The cross section morphology and metallographic structure in the weld zone of the 2024-T351
aluminum alloy friction stir lap welded joint was observed by experiment. It indictated that there are asymmetric hook—
shaped defects on both the advancing side and the retreating side of the friction stir lap welded joint. Friction stir lap
welded joints were tested under constant—amplitude fatigue loading on MTS test frame to obtain the S—N curve of
nominal stress amplitude. The elastic—plastic finite element model of lap joints was established according to the test.
Using the SWT fatigue damage equation and cyclic stress strain data of stress concentration region from finite element
analysis, the fatigue lives of lap joints were predicted, and further compared with the experimental results. The results
show that the prediction results for the low—cycle fatigue lifetime of friction stir lap joints by the SWT fatigue damage
formula are close to the experimental results, and the errors are all within 2 factors, while large error is in the
prediction results for the high—cycle fatigue lifetime. At the same time, it shows that the stress concentration of lap
joints has greater influence on the fatigue lifetime than the effective thickness.

Key words 2024-T351 Aluminum alloy, FSLW joint, Stress concentration, Fatigue lifetime prediction
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Tab.2 Geometry and welding parameters of mixing head
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Fig. 2 Macroscopic and microstructure of weld seam of

2024-T351 aluminum alloy FSLW joint

M2 (c) ik B Fif I — B AR iy e T L4
ST, LU R Y SRR R | AR 0 B 5 R
HE DAY DX, FERTHEM , 15 Rz 3 U7 a5
P P T 4% T 1) FE R, A A5 2 XS0 1 4 i U B0
SR N, T4 e T A 58 40 o3 A (RS ZE SR 09 e
HERETET BT AE LR ARG 1) T AR ERG . 182
(e) P& BZ XA A B E B2 AL, BRI AR
TEA . B N 7 S35 53 SR B TR a5 5 S e 1) A%
X BAATE — 28 W W)L BRI , B T 95 42 T R )2 FE AR 4%
AR ZEAR TR . B 2(0) hE #R A IX
WA 5] B Yo B SR kL. B 2(g)
Ay e AR AN A R a B DX AR 4 DX R b U X, 1
DXl T 9 4 1 It S M S R AT B e RS Oy A
FHMB T2 hitp://www.yhclgy.com  20194F 4551

6], 722 10 4 D W S M MR R R TR B0 4 T v %%
IR, [ B TR R S8 AT RS
B B — B b S5 R S O 1) KA S e )
APIN TG
2.2 FEEHEGOW

FE DU SE G B = R o7 W X, A 3
Fron AL T2 b AR i 28R 00 44 R S5t 56 10T 358 71 A &
7 1 e A5 2T ) ok R A 4 R dol o AR SRV
M IR gy i i AR LI ] oA T DAL I e iy
BLIRIBS FEAE

K3 957 WA
Fig.3 Mode of fatigue fracture

3 PR SR, AT A W R
TER BT T, PR A LRI 2L, b AR A AR B 2 el 25 il
A o AEAREAT T, AR A AR WL, AR A
T , Wi 507 B A KA A A g
Tab.3 Data of fatigue test

KRB H30%T1 Wik R

IR AT

34 _ )
/kN Hfis I J1/MPa  Ii§/MPa /R F5i A
6.0 0.1 100.00 45.00 1086 1
5.0 0.1 83.33 37.50 4167 1
4.0 0.1 66.67 30.00 9586 i}
3.6 0.1 60.00 27.00 17053 1
3.0 0.1 50.00 22.50 36484 1
2.6 0.1 43.33 19.50 70346 1
22 0.1 36.67 16.50 99571 |
1.8 0.1 30.00 13.50 143341 1
12 0.1 20.00 9.00 297677 |
60
o]
=
Thwg
= 40
.R
2
’>< 20_
A
o ST TR ¥ ESEEEE R ¥ LT B ® LIRSS 2R ) |
10 108 10° 108 10°
998 7 AR/ IR

B4 SEHHSR 0T S-N Lk
Fig.4 Fatigue S—N curves of overlap welded joints
Pl 4 SRy 95 57 1206 30 28 2 MR 4B TR 57 5 i X
XTH, BIVES AL bR g X RO 2 il il S-V it 2. A 44



SCIVE 3 A e g AR T AR . TR 2R 365K T 9% 95 3%
far 44 SR 1R S 5 9% 55 Ffn N Z RIS R, HOoG R T
FR K
S'N=C (1)
X, Com NHEEL
LAk f) S B0 B AU 1 45 SN T S 59 55
iy NS 2= (2) s
SN0 = 1073 )
3 BARTERSHEEL
R T VG LA B FSLW 422 3k 114 98 553 X ek g 55 5%
BARDL L 32 F Abaqus 7 BR IG5 BT 80F X6 H a8 37 A BR
TURETRY I it i A P 8 mf 2647 107 ) 07 28 43 #T o
KT FSLW $23k 1A FRAS BRI ST, T 4524
SRS AR RS T2 25 S A HE e Sk IR BB T 40 A%
5, BATid %A R @B ) i . DUARTE %
N R ) 5 F AR A A PR e B P DU 4 2 — [ 3R
7N o SHAHRI A5 24 A5LGE T S5 44 30 AR R 00 P61 O Ak
B I XF BAPIR A o AR S R FH R 0Lk 11 P AR A B
B B AR AR R AR GE T B . 6 SE g0 v 0 iy A s
AE 000 1 BT 57 T T LA TR A iz g 4 e () S
AT B b AR IR 3 X A R S R A
T AR AT, SR 5 X b AR R I B 2R A T 4 0
RURFRESC I A7 2, T AR 334 J 3 AR & 11
PRRBRBETE S . X TS AR 0, IR BB e 4 1 )
AV B A 4 PR S I 00 A R 9IS 4 , 76 B A HE AT I A%
T o AT HE , e ) S 7 A AR i
B8 R0 AR, 6 A B T 43 BT v % o A% 485 5 A U o
SCHR L3 F 2R R FOL B 177 2 428 ks o L 43 S e Bk A
SRR ) 4 b HEAT A0 B, AR B JEE B 45 mm KR4
2 S A5 R R ASAAR 11 Bk 1 R FUL P AR 0 A R 1 o, TR
T AR 1<5 mm BYREFERESK BT B R U120 42 4
FE N 0. 05 mm, X AR B Se bk ZHANG 55l Ty fif
FH , EIBL %5 AR ] r=0. 05 mm 1) R 48 Bk 11 24261
T ARAE M S S-N ISk . FEAR SO R AR
k12 mm, PR AR SC AP i 64 HR: 351 6 SR r=0. 05
mm FELER 11 242 HEAT AR, S AR 5 s 4
LS Bl
—

)

5 FEH L SR
Fig. 5 The sectional topography model of lap joint
YWD T R 4 Y T R PR OT
(CPE4) # 17 1155, BB JT 80y 38785, 5 i

39777, B TFHMBHE FSW SR E L R A IG AL, St s rh
WA BT B I T B AN 18R 25 PR ITA
U ep R B A A XS R R R I AT YL L
2024-T351 54 4 s 88 v Jm PR TS b Rk i Js 14
FEZWEFR A ST . 2024-T351 484 4 Y63
N 3= AR gk ik =R

ag, ag, " 3
= — 4| —
e= G)

K, e, WNARNE o NI, E R R, 74. 1
GPa,K' JypH BHE R0 BE %L, 926 MPa, n' i AJE 3R1
AFEEL,0. 145,

PSR A i i N SE A LYW, A i BN L-hE
PEFR IR, 02801 05 98 55 S 90— 350, A vt B
7 LA 5 I Y 2

K6 7R T FSLW 42 3k 5 Kk far 2 5 kN I 4223k
REAR AT S5 00 T 40 A1 o P LA g T 4R v o B 7E i
AR S AR 5 3 T A DX 55 i 1R A 0 R s g T
BB b A DI, 3 5 57 S g 45 2R rp i W B0 A
W4

Ko kNI =A

Fig. 6 Stress contour map of lap joint

4 FSLW #Z3LE5 F i

Jriy #0732 ik S — i TR SIS
FETF Bl F1 R 7 18 AR 43 B % 57 75 A ik vk X
J7 1N A NGB 2 A0 B A% 57 1 R P 1 ) 4R rh b Y )
N AR TAE o B TGS A FEAE ) B IR R
DL R 2 38 5 S Fe e Sk b 7= A= 25 i AR 0E |, 25 B )
R TPAB L, A SCR H IR 5 ok BN 55 754 o

30 Ao S N 7 I ARk BT A AR AR R B A
fiir , B % 57 75 i B 46 S S0 A R n ARS8y e
FA, oA T AR BRI 55 A, T 1R RS A
BT R LB . ZHANG 28 A, g0 A4k
Ffir i B B 55 A () 40% ~ 50% , i 1545 N2
SN R % 55 R G A A5 o B A A AR I 2 50% , TR
A S RS AR i I 55 A Y 50% .

N, =2N 4)

Ao, NR % 57 Fim , N R Ak A 0 2480 A F i o

M TG e A o7 P v & = A2 i AR TR
FEAE PR NEAE BT P A Bz g 4R A X ) B K Mises
N7 77 il K 32 W T X6 07 B BRGSO [ Y, T A

FRIME T2 hip://www.yhclgy.com  20194F 4551



BCIR R N A (PEEQ) 3638 T & A9 55 fin 2 o 7% Y 9
P BAR TR A SO BT R B J2 PR S I T 4 TP X
K PEEQ {BLFT % B BTG , 43 514 A~ B e 7E A BR IT
3 B v B AS B Y S5 R g RN IR A I AR A
SWT 55 it AR s PPN R L B 3 &
AT ST R T BTN I T 4R T 6 AT A
T .

A ot

5 = N +ae N (5)

a-ma\(

ﬁ¢ﬁmw%ﬁmﬁﬁ§wﬁmﬁmﬁwﬁ%ﬁﬁ
SR o WIS A 6 RSV R o
S50 i ZRC B Ry BB
BRI S 4.
R4 HBEESSH

Tab.4 Material fatigue parameters

o, /MPa £ b c

714 0.166 -0.078 -0.538

B 2 (5) SWT I 57 0 13 24 25515 31 i R 80
ATty A (4) PP AT EILE IR 55 A5 i

F P 7 RO, R A s AU g £ R AR Bt ok
AR I 57 75 i 45 R ARAE 2 A1 P9 T 7 v S
55 F5 i, TN EE RELT, 3 HP P2 i S 92 57 5080 ) 99
D25 SR 22 R RRAE B o

10°

]05 L

I e
2

= AR

107 100 10° 10° 100
S AR A UK

7 A BRICIEETRIN 57 F A

Fig. 7 Life prediction of finite element simulation

JryFS L 7 7 ik B A SR AR R 3 s o A A
(14 I 3 A v A I 0 57 49 Iz 3 3 728 Wi g 14 4 8 ff )
SR BT, AH 2 3k FE AR SE AR 38 ST 78 N ) 4 P Ak i
AR B 19 Jest R, 76 JRL 98 557 T Tl 485 SR 5 Aok
By, 1T e S 55 T 25 SR 22 K
5 itig

{ONFE B3 Sk 0 AR TR A 5, 7T LU
T3 10 B 55 7 A7 T i AR 00 A PRt TS L A o7
B ORA R ERE/NAE AR N 1.26
FHMB T2 hitp://www.yhclgy.com  20194F 4551

mm (2 HER 63%) , 52 S50 25 SR FA FRIT 7>
Pra Rerbal LU 21, 75 = #of BLARmE, b2 3
LW B 3, AT T ARAR 1 g 4 v 0 LA 2505
J3E B R TR J3E 4 5 M 54 1K OB 57 7

TEARIRE 57 FAT I D0 T (e R 3 kN EAT ), 42
iy BRI, 7E A FROCIM T, B RV T s 7 R A
APRR R B AL, 2355 A DX IS ) 2 A 5 4 BT 11 23 #
AN SR TE T AR DX sl A 4 fh 14 1) T S it X S
TE— 7 W RE L, BoA B R B RE T, i e AR 2%
TR 57 NN, 1% BE A% A PHRH 24 18 3, 0 K 2 0T
ANRIT o A5 IR AT 2 55 I 8 T Al 4 9% 55 73 v
T AR TAE R AT I, R A 2T R A T
— TSR AR Bl R 1T, FE A e HE R
6 it

(1)FSLW 3k AN nl b g 4 A7 18 Ji e 00 5 )5 1R 0
ARIFRAY SR G, (S 1 e 57 iy T, TR
AR WL, B AR MR S AR AR 57 40
5 1, B A AR R, T AR BRI R
Wt 5 8 57 AT K P AR R A R

(2) R FH SWT i 55 15 V1 B A 1 & R TN FSLW
F AR A 55 5 i, PO A4 SR ATk B T 24
7M.

(3) 47 FRITHUH FSLW 4223k i M RE 55 00 B 5
SR AE R — B, MR ET MAELE Hook Bl FE I, FSLW
1Kk th Hook JE AR 512 Y L g 4 Fh U AT 3800 S ) 4%
FeH Sk W 55 T3 A e SR

(1] PMEESE . BR B S 10 R 1R 1 Sk OV 2 2 K P RE DT
D] = MFLT RS, 2000.

[2] SHAHRI M M, HOGLUND T,SANDSTROM R.
Eurocode 9 to estimate the fatigue life of friction stir
welded aluminium panels [J]. Engineering Structures,
2012,45:307-313.

[3] HOBBACHER A F.Recommendations for fatigue
design of welded joints and components I [M]. IIW
Collection, Springer International Publishing,2016.

[4] PAPADOPOULOS M, TAVARES S, PACCHIONE M,
et al. Mechanical behaviour of AA 2024 friction stir overlap welds
[ C]//International Conference of Engineering Against Fracture,
Iceaf,2013:108-120.

(5] Lo, ARIERY, SR T, 4 . A0S 2024 515 46
JCAG A i P S AR RS M [T ). BN T2, 2017(13)
90-94.

Lo] & B, 4R &, Wi 1375, 45 . P ARG L5 X 2024
A B DU BRI ke () ). AR 4%, 2016, 37
(10):69-72.

(7] AT 20 200G IR , 45 . NGE AR X P B R B

— 83 —



T e 3 SRR 1 52 [ C 1/ 1 BE 4 AR B BOR [ R 253,
2011:5-8.

[8] ERICSSON M, JIN L Z, SANDSTROM R. Fatigue
properties of friction stir overlap welds [J]. Materials & Design,
2007,29(1):57-68.

[9] WANG R,KANG H T, JIANG C. Fatigue life prediction
for overlap friction stir linear welds of magnesium alloys [J].
Journal of Manufacturing Science & Engineering, 2016, 138 (6):
061013-061019.

[10] HU Z, YUAN S, WANG X, et al. Effect of post—weld
heat treatment on the microstructure and plastic deformation
behavior of friction stir welded 2024 [J]. Materials & Design,
2011,32(10) : 5055-5060.

[11] ANTONIE O, LJIJANA D O, Anders N. Kissing bond
phenomena in solid-state welds of aluminium alloys[J]. Welding
Journal ,2004,83(8) :S(225-231).

[12] PARTANEN T, NIEMI E. Hot spot S—=N curves based
on fatigue tests of small MIG-welded aluminium specimens (1.
Welding in the World, 1999,43(1) : 16-22.

[13] DUARTE F F,INFANTE VI V,MOREIRA P M G, et
al. The effect of welding direction in the fatigue life of aluminium
FS welded lap joints [J]. International Journal of Structural
Integrity, 2015,6(6) : 775-786.

[14] SHAHRI M M, SANDSTROM R. Effective notch

stress and critical distance method to estimate the fatigue life of T
and overlap friction stir welded joints [J]. Engineering Failure
Analysis, 2012,25(4) :250-260.

[15] ZHANG G, RICHTER B. A new approach to the
numerical fatigue—life prediction of spot—welded structures [J].
Fatigue & Fracture of Engineering Materials & Structures, 2010,
23(6):499-508.

[16] EIBL M, SONSINO C M, KAUFMANN H, et al.
Fatigue assessment of laser welded thin sheet aluminium [T].
International Journal of Fatigue ,2003,25(8):719-731.

[17] LOMOLINO S, TOVO R, SANTOS J D. On the fatigue
behaviour and design curves of friction stir butt—welded Al alloys
[J]. International Journal of Fatigue ,2005,27(3) :305-316.

[18] SZOLWINSKI M P, FARRIS T N. Observation,
analysis and prediction of fretting fatigue in 2024-T351
aluminum alloy[]]‘ Wear, 1998,221(1) :24-36.

[19] ZHANG Y H, MADDOX S J. Fatigue life prediction
for toe ground welded joints [J]. International Journal of Fatigue,
2009,31(7):1124-1136.

[20] W&, EamAS . BT sh 25 m b A7 FROTHELU Y AR
B o7 Az e B () ). AU T AR 24, 2005, 41(5) :49-53.

[21] SMITH K N, WATSON P, TOPPER T H. Stress—strain
function for the fatigue of metals [J]. Journal of Materials, 1970,5
(4):767-778.

FHIMEIT.Z  hitp://www.yhelgy.com 20194 %5 58]



Vi, A 85 REAEASE AR e G I 2 A8 70y

FRE 4 il 3

100076)

Z14 A 1T %,
(L RM R S T 20 i, dbat

X AR FE SRR KR TR RS 3L i MR S A R AR A2 A T TRAT
THE R B ERN, EERPET A ARSHEREEREBREETIA TS ERBAEX, ARFTRT
Kol FAE AR, AT BRI P RBEAGTALE I, FINT SR G Rl B0 R4 EAE R 63 547,
B T VAR A R A B RS 5 T A PR AR R AT AR 4 S BB LR AT, R 3R R T S AR X T AR
PR TS N LA T S RRARE X T &4 G e RAUE A IR IIE T R AR 09 TALAL
o TFEE R 5 A0% )G K] REEAD i RARK AR E TR TR AR B T S e i) R AR

KW LA ERRAR, &AM, R

T HE K5 TG115. 28+1 DOI: 10.12044/j.issn.1007-2330.2019.05.017

Sensitivity Analysis for Radiographic Detection of Tolerance Photography

CAI Runsheng GAO Hongyue HE Chuanlong XING Wentao
(Aerospace Research Institute of Materials & Processing Technology , Beijing  100076)

Abstract  Using the penetrating voltage and the higher level of exposure could enhance the contrast of the
image, thereby the sensitivity of radio graphic inspection was improved. But in order to achieve the high efficiency
inspection of the variable cross—section objects, the method with the penetrating voltage and the lower level of
exposure called latitude camera was normally used, which decreased the sensitivity of inspection. For demonstrating
the changing of the sensitivity between those two methods, theoretical analysis of the interaction between trans—
illumination voltage and current had been considered. In addition, a latitude camera sensitivity analysis model of
aluminum product was designed. Then the data from the model was analyzed to describe the trend of inspection
sensitivity in a latitude camera mode. So in theory, the latitude photography mode has considerable inspection
sensitivity ; and in practice, the changing law of model sensitivity is verified. When the penetrating voltage increases
40%, the inspection sensitivity still meets the relevant standards. As a result, the latitude camera has reliable
inspection sensitivity.

Key words Latitude camera, Radiographic inspection, Sensitivity
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Analysis of The Bright Spot on The Surface of 1420 Al-Li Alloy
Bottom Cover Plate

LIU Zongjie' LI Xu' LI Li' PANG Jincheng’ WANG Zhihe'
(1 China Academy of Launch Vehicle Technology , Beijing 100076 )
(2 Aerospace Research Institute of Materials & Processing Technology, Beijing  100076)

Abstract In order to study the formation cause of abnormal bright spots on the surface of 1420 Al-Li alloy
bottom cover plate for aerospace applications , the abnormal traces were analyzed by means of microstructure analysis,
fracture morphology observation, energy dispersion spectrum analysis, micro—hardness test and chemical composition
analysis. The results show that the abnormal traces on the surface of the bottom cover plate are bright crystalline
defects which penetrate through the whole plate. The microstructure and composition of the traces are abnormal.
Considering the production process of the bottom cover plate, the bright crystalline defects are formed during the
melting of 1420 aluminum-lithium alloy ingots, which are metallurgical defects.Due to the poor quality of the film
layer in the defect section, the bright spots are formed during the process of phosphoric acid anodizing.

Key words Bottom cover plate, 1420 Aluminum-lithium alloy, Phosphoric acid anodizing, Bright crystal

defect, Casting process
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Vacuum Brazing Technology of Multi—Brazing Injector

WANG Wenping ZHANG Zhiwei WU Shengyong JIA Chunlin ZHANG Rujun
(Beijing Institute of Control Engineering, Beijing  100190)

Abstract In order to study the one—shot welding of multiple brazing seams in different parts of the injector, an
experimental study on the vacuum brazing process of the injector by using BNi—2 solder was carried out. The effects of
surface cleaness, brazing temperature and brazing gap on the sealing performance of the injector were analyzed. The
results show that the gaps between brazing seams have an important influence on the sealing performance of the
brazed joints of the injection body composed of high temperature alloy and stainless steel. A reasonable brazing seam
assembly gap is 10 to 15 wm, and this gap makes the filling rate of the brazing seam more than 90%, and obtains a

joint with excellent internal and external quality and sealing property is obtained.

Key words Injection, Multi-brazing seam, Vacuum brazing, Brazing gap
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Tab.1 The main constituents and welding parameters of the BNi—2 brazing filler metal
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