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Fig.1 Schematic diagram of mid-fuselage
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Fig.2 Upper mold forming die
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Fig.3 Lower die forming die
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Fig.4 Drawing of upper and lower

clamping tooling
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Fig.5 Transition die for upper mold forming
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Fig.6 Transition die for lower mold forming
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Fig.7 Auxiliary gear transition die
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Fig.8 Indication of fixture positioning structure
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Fig.9 Honeycomb core location
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Fig.10 Illustration of elastic connection
structure of tools
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Fig.11 Schematic diagram of making

vacuum bag after mold closing
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Fig.14 Schematic diagram of mould-closing

tooling before improvement
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Fig.15 Parts made by mould-closing tooling

before improvement
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Fig.16 Modified tooling for mid-fuselage

EHRE s, — b T LA 2
B TR TR TR A R SR
I, RS T2 A T UG T

& £ x

[ ZoRE, il . RERAENE
BRRHE LRI AR )], 2R SR
2012(2): 30-33.

WU Chengsi, ZHANG Zhenlong. Discussion
on the domestication of composite materials
for civil aircraft in China[J]. Fiber Composites,
2012(2): 30-33.

(2] XUZRHE . A FORMRMAAL 2 5
GIRT[I]. EFUEE AR, 2012(2): 41-44.

LIU Donghui. Progress and analysis of low
cost composites[J]. Fiber Composites, 2012(2):
41-44.

(3] AWHE, TM, A, & AL
MRS G ML R R AR BOR ], i
2l AR | 2015, 58(14): 52-55.

LI Xiande, WANG Bin, ZHU Hui,
et al. General purpose aircraft all-carbon
fiber composite fuselage integral molding
technology[J]. Aeronautical Manufacturing
Technology, 2015, 58(14): 52-55.

[4] ZEWHEE AT . S SRR
R HIBEH S L A[Cl RE AH 28
S R R A A e AR PR IE L TR,
2014.

LI Xiande, FU Jingli. Manufacturing
technology of advanced composite matrix
molding mould[C]// 6th China Aviation
Society Youth Science and Technology Forum.
Shenyang, 2014.

[5] XM . foias S G bR G IETES
AR EREAS B[ C// 5575 o [ i s 2 s
AERMEIRIZE . TEFR , 2014,

LIU Yawei. Manufacturing of aeronautical
composite materials is undergoing a
transformation of non-hot-pressing tanks[C]//6th
China Aviation Society Youth Science and
Technology Forum. Shenyang, 2014.

[6] FRWEAT . GRS 1 HRAL
AR EBRALZS , 2008(9): 63-64.

CHEN Yali. Application of composite
structures in general aircraft[J]. International
Aviation, 2008(9): 63—64.

WIEE : AN, E-mail : lily-f@163.com.
(FH#E5TR)

20194655628 5 171] « it hERAR 49



Special Tooling for Aviation Industry ﬂi?&#m:ﬁz%ﬁ

Research on Geometric Error Modeling of CNC Machine Tools Based on
Support Vector Regression

ZHOU Hengfei, YE Wenhua, GUO Yunxia, LIANG Ruijun, ZHANG Ting

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

[ABSTRACT] Aiming at the problem that the data samples are small and nonlinear in the modeling of geometrical er-
ror items of CNC machine tools, the SVR (support vector regression) with unique advantages in the nonlinear regression
analysis of small sample data sets is studied, and based on which the geometric error prediction model of CNC machine
tools is established. This paper analyzes the problems of the difficulty of measuring points and the calculation of cumulative
error in the nine-line method commonly used in the detection of geometric error, and then proposes an improved method
to increase the measurement of the straightness of each measurement line and the calculation model of the correction error
term. The Gaussian Radial basis kernel function is chosen as the kernel function of the SVR model, and the cross-validation
method is used to select the appropriate model parameters to solve the convex quadratic programming problem, and then
the geometric error prediction model is established. Taking the X-axis of the QLM27100-5X five-axis gantry machine as an
example, the geometric error sample data is obtained by measuring and identifying based on the improved nine-line meth-
od, and then the geometric error item prediction model is established based on the support vector regression machine and
the least squares method respectively, and the prediction accuracy of the two models is compared. The results show that the
predictive MSE of the former is 0.0238, which is less than 0.072 of the latter. It proves that the support vector regression
model has higher predictive accuracy in small sample set.

Keywords: Support vector regression; CNC machine tools; Geometric error; Prediction model; Nine-line method
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Research on Design and Manufacturing Technology of Composite Material Tools
for Integrated Structural Forming

FU Jingli, LI Lulu, CAI Junwen
(AVIC GA Hua’nan Aircraft Industry Co., Ltd., Zhuhai 519040, China)

[ABSTRACT] This paper introduces the manufacturing method of the middle fuselage plenum of the light business jet.
The middle fuselage is a semi-closed cabin. Considering the detachable mold of the formed parts, and the ease of process-
ing and forming, the tooling cannot be made into a whole. It is manufactured by using the upper and lower parts to solve
the problem of insufficient space for parts. After the upper and lower molds are respectively laid and finished, the mold
is formed by a co-solidification molding method. In this way, the bearing capacity requirements of the fuselage can be
achieved, and the structural weight reduction can be achieved by 30%, and the foundation for the civil airworthiness road of
the domestic main bearing composite component is laid. Compared with the original non-integrated fuselage structure, the
fuselage of the composite material is co-cured, no fastener connection, no secondary bonding, reducing the number of tool-
ing more than 100, simplifying the entire process of molding.

Keywords: Supercharger tank; Integral molding; Co-curing; Composite material tooling; Positioning technology;

Transition die
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