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Li Yunshuo', Zhou Yuwei'?, Yuan Aoming'?, Liu Chenfeng'?, Dong Wanting"”, Li Yongbing'*,
Xiong Chengyue'*?, Sun Mugi'

(1. National Key Laboratory of Advanced Forming Technology and Equipment, Beijing Research Institute of Mechanical & Electrical

Technology Co. , Lid. CAM, Beijing 100083, China; 2. Beijing National Innovation Institute of Lightweight Ltd. , Beijing 100083,

China; 3. School of Materials Science, Tsinghua University, Beijing 100084, China )

Abstract: In order to solve the problem of thermal-force-gas multi-physics integrated control in superplastic forming process and improve
the forming quality, production efficiency and product consistency of lightweight multi-layer complex structural parts, a digital twin system
was developed by the integration of information technology with material, process and equipment. Then, the key technologies such as
physical model of superplastic forming production unit, digital twin modeling based on process flow, multi-source heterogeneous data col-
lection and storage based on edge gateways, process database and data visualization were studied. Furthermore, the experimental verifica-
tion was carried out on the independently developed 8000 kN superplastic forming/diffusion joining equipment, and the entire process of TC4
titanium alloy hemispherical forming was completed, achieving visual monitoring and control of the superplastic forming equipment and
process, which provided ways and methods to realize the digitization, automation and intelligence of superplastic forming process.
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Fig. 1 Digital twin system architecture of superplastic forming process
(a) Functional layer ~ (b) Model layer ~ (c¢) Data layer ~ (d) Physical layer
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Fig.2  Scenario tree of superplastic forming process
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Fig. 3 Schematic diagram of data transport-storage architecture
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Table 1 Chemical compositions of TC4 titanium alloy

( %, mass fraction)

Al v Fe Si C N H [0) Ti

5.5~6.8 3.5~6.8 0.30 0.10 0.10 0.05 0.015 0.015 #Axi
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Fig. 4 Mold entity (a) and twin model (b)
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Table 2 Flow and collected data for superplastic forming process of TC4 titanium alloy hemispherical part
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Fig. 5 Temperature rise curves and reverse/forward gas bulging forming pressure curves

(a) Temperature rise curve

FEXPEER T IB O T2, il Py R A%
Tor SRR R AR EAR LU (VM5 B L N UR
RIS 5 R R AR R I S T, 4
SMEME R . TR A BRI
SRR AR, 1 2 RS IE L RabbitMQ TH 5L
BABIAEAE IR P, 75T — 22 AR 122 11 JH LK
SRR, AR R G R SR T AR
BAEfEE.

(3) SEMCT R s e A7 22 R G AL
LHBT: BER TC4 B G B 1 IE S 17 1 28
WIS RE, BT AR A AR G0 S B BV 25 i 2R
SERUE | ARG IR S M T, SEB
AT AR, A mim P TR, h
TR BRI E L, Joik AT
SERRULIN , K2R R AR GRS B R B 10 B dl S A
T EER, S BN E A SOE @ Uni-
ty3D FRARIMSTE YL DI RE, AR N B OE i R AT
BEUURR . BEX OB 58 BUR BB ERE A, R4 it
UCHERC L ASEBRF P, 0 0 UL B~ BRI

(b) Reverse gas bulging forming pressure curve

(¢) Forward gas bulging forming pressure curve
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Fig. 6 Digital twin production example for hemispherical parts
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